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TO THE TEACHER. 



IN" this book will be found an unusual number of prob 
lems. It is not intended that each member of each 
olass shall work all of the problems. It is hoped that 
they are sufficiently numerous and varied to enable you 
to select what you need for your particular class. No 
author can make a comfortable Procrustean bedstead. 

You would do well to secure, in the fall of the year, a 
supply of the pith of elder or sunflower stalk, and several 
full-blown thistle-heads, that they may be well dried and 
ready for experiments in electricity during the dry, cold 
weather of winter. 

The author would be glad to receive any suggestions 
from any of his fellow-teachers who may use this book, or 
to answer any inquiries concerning the study or apparatus. 

Most of the apparatus mentioned in this book may 
be obtained from E. S. Eitchib & Son's, Boston, or of 
Jahes W. Queen & Co., Philadelphia. 

The author has prepared a Teacher's Hand-Book to 
accompany this volume, with answers to the problems, 
and much additional matter of interest to teachers of 
Natural Philosophy. 



TO THE PUPIL. 
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MAJMUMn«MAt> ^ ^r^ 



' I) EOENT careful and extended examination shows 
JL I; that diseases of the eye, such as near-sight, are 
lamentably frequent among school-children. Your eye- 
sight is worth more to you than any information you are 
likely to gain from this book, however valuable that may 
be. You are therefore earnestly cautioned: 

1. To be sure, in studying this or any other book, that 
you have sufficient light. 

2. That you do not allow direct rays of light to fall 
upon your eyes, and that you avoid the angle of reflection. 

3. That you avoid a stooping position and a forward 
inclination of the head. Do not read with the book in 
your lap. The distance of the eye from the page should 
be not less than twelve inches (30 cm.) nor more than 
eighteen inches (45 cm.) Hold the took up. 

4. That you sit erect when you write. The light 
should be received over your left shoulder. 

5. Especially, that you avoid, as much as possible, books 
and papers poorly printed or printed in small type. 

6. That you cleanse the eyes with pure soft water 
morning and night, and avoid overtaxing them in any 
way. 
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THE DOMAIN OF PHYSICS— THE PROPERTIES OF 
MATTER.— THE THREE CONDITIONS 

OF MATTER. 



#i 



ECTJON I. 



THE DOMAIN OF PHYSICS, OR NATURAL 

PHILOSOPHY. 

Introductory. — On the page opposite, joa have an 
outline map of the wide realm of human knowledge. As 
firom a mountain top, yon look apon the plain below, and 
clearly see the position of each province, and its relation 
to its neighbors. Through some of these provinces you 
may have passed, and with them have become more or 
less familiar. From the whole number we now select one 
that promises enough of interest and profit to justify the 
time and effort of careful study. Kot satisfied with the 
cursory glance^ we seek more definite information. For 
this, we must leave the peak and enter the plain; for 
though distance may lend an enchantment, it also begets a 
dimness fatal to our purpose. 

!• What is Science ? — Science is classified 
knowledge. 

A person may have lived for years among plants, have 
acquired a vast store of information concerning them. 



I- \ 



.\ 




c 



/^t:^.i'{l ^ui ^^iy-^^fi.' ^d^^ l^i^ty ^^ ^^^ /r/ ■ 

2 THE DOMAIN OF/^^HYS/IOS. -^^^^»^«^^ 

know that this one grows only in wet ground^ that another 
is valuable for such and such an end^ and that a third 
has certain form^ size^ and color. This general informa- 
tion may be valuable, but it is only when the facts are 
classified^ aud the plants grouped into their respective 
orders, genera and species, that the knowledge becomes 
^, entitled to the name of botany, a science, 

. X ^ 3. What Is Matter ? — Matter is anything that 

? '\j occupies spoA^e or *' takes up room" 

^ There are many realities that are not forms of matter. 

Mind, truth, and hope do not occupy space ; the earth and 
the rain-drop do. 

3. Divisions of Matter. — Matter may he con- 
sidered as existing in masses, molecules, and atoms. 

A clear apprehension of the meaning of these terms 
is essential to a full understanding of the definition of 
Physics as well as of much else that follows. 

4. What Is a Mass? — A mass is any quantity 
of matter that is composed of molecules. 

The word molar is used to describe such a. collection of 
molecules. 

^ ^^ {a) The term mass also has reference to real quantity as distin- 

guished from apparent quantity or size. A sponge may be com- 
pressed so as to seem much smaller than at first, but all of the 
sponge is still there. Its density is changed ; its quantity or mass 
remains the same. This double use of the word is unfortunate, 
but the meaning in any given case may be easily inferred from the 
connection. 

Q>) The quantity of matter constituting a mass is not necessarily 
great. A drop of water may contain a million animalcules ; each 
animalcule is a mass as truly as the greatest monster of the land or 
sea. The dewdrop and the ocean, clusters of grapes and dusters 
of stars, are equally masses of. matter. 
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5. What is a Molecule?—./^ molecule is the 
smallest quantity of matter tJiat can exist by itself. 

Molecules are exceedingly small, far beyond tlie reach 
of vision even when aided by a powerful microscope. 

(a.) We know that a drop of water may be divided into several 
parts, and each of these into several others, each part still being 
water. The subdivision may be carried on until we reach a limit 
fixed by the grossness of our instruments and vision ; each particle 
still is water. Even now, imagination may carry forward the 
work of subdivision until at last we reach a limit beyond which we 
cannot go without destroying the identity of the substance. In 
other words, we have a quantity of water so small that if we divide 
it again it will cease to be water ; it will be something else. This 
smallest quantity of matter that can exist by itself and retain its 
identity is called a molecule. The word moUcvle means a little 
mass, (See Avery's Chemistry, § 4.) 

(&.) The smallest interval that can be distinctly seen with the 
microscope is about t^^xtv uicl^* It has been calculated that about 
2000 liquid water molecides might be placed in a row within such 
an interval. In other words, an aggregation of 8,000,000,000 water 
molecules is barely visible to the best modern microscopes. 

6. What Is an Atom? — An atom is the 
smallest quantity of matter that can enter into 
combination. 

In nearly every case an atom is a part of a molecule. 

{a.) If a molecule of water be divided, it will cease to be water 
at all, but will yield two atoms of hydrogen and one of oxygen. 
The molecule of common salt consists of one atom of sodium and 
one of chlorine. Some molecules are very complex. The common 
sugar molecule contains forty-five atoms. 

(6.) Atoms make molecules ; molecules make masses. Of the 
absolute size and weight of atoms and molecules little is known ; 
of their relative size and weight much is known, and forms an im- 
portant part of the science of chemistry. 

7.- Fomis of Attraction. — Each of these three 
divisions of matter has its own form of attraction : 
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Molar atiracUon is called gravitation. 

Molecular attraction^ is called cohesion or adhe- 
sion. 

Atomic attra^ction is called chemical affinity (chem- 
ism). 

8. Forms of Motion. — ^Each of these three divi- 
sions of matter has its own form of motion : 

Molar motion, or visible mechanical motion, is called 
by different names according to the nature of the 
substance in motion ; e, g,y the flow of a river or the 
vibrations of a pendulum. 

Molecular motion, called heat, light, electricity, or 
magnetism. 

Atomic motion, (Purely theoretical as far as known.) 

9. Physical Science. — Physical science com- 
prises Physics and Chem/istry. 

The first of these deals with masses and molecules ; the 
second with atoms and combinations of atoms. 

10. What Is a Physical Change?—^ physi- 
cal change is one that does not change the identity 
of the molecule. 

{a) Inasmucli as the nature of a substance depends upon the 
nature of its molecules, it follows that a physical change is one that 
does not affect the identity of a substance. A piece of marble may 
be ground to powder, but each grain is marble still. Ice ma^f 
change to water and water to steam, yet the identity of the sub- 
stance is unchanged. A piece of glass may be electrified and a 
piece of iron magnetized, but they still remain glass and iron. These 
changes all leave the composition and nature of the molecule un- 
changed ; they are physical changes. 

U. What is a Chemical Change t—A chemi- 
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cal change is one that does change the identity 
of the molecule. 

(a.) If the piece of marble be acted upoi^ by sulplmric acid, a 
brisk effervescence takes place caused by the escape of carbonic acid 
gas which was a constituent of the marble; calcium sulphate 
(gypsum), not marble, will remain. The water may, by the action 
of electricity, be decomposed into two parts of hydrogen and one of 
oxygen. The nature of the glass and iron may easily be changed. 
These change the nature of the molecule ; they are chemical 
changes. 

13. Definition. — Physics, or .Natural .Phizes'- 

ophy, is the branch of science that treats of the 

laws and physical properties of matter, and of 

those phenomena that depend upon physical 

' changes. 

Recapitulation. — To be reproduced and amplified 
by the pupil for review. 
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THE PROPERTIES OF MATTER. 

13. Properties of Matter.— .^/^i/ quality that 
belongs to matter or is characteristic of it is called 
a property of matter. 

Properties of matter are of two classes, physical and 
chemical. 

14. What are Physical Properties ?—Pfci/5i- 

cal propeHies are such as may he manifested 

vdthout changing the identity of the molecule {% 10). 

{a) A piece of coal takes up room, it is hard and heavy, it can- 
not move itself. These several qualities or properties the coal may 
exhibit and still remain coal, or still retain its identity. They are, 
therefore, physical properties of coal. 

15. What are Chemical Properties ^— Chem- 
ical Properties are such as cannot he manifested 
without changing the identity of the molecule (§ 11). 

(a.) A piece of coal may be burned ; therefore combustibility is 
a property of the coal. This property has been held by the coal 
for countless ages, biit it never has been shown. Further, this 
piece of coal never can show this property of combustibility with- 
out ceasing to exist* as coal, without losing its identity.* When the 
coal is burned, the molecules are changed from coal or carbon to 
carbonic acid gas (CO,). 

16. Experiment. — Take a piece of ordinary sul- 
phur (brimstone) ,and attempt to pull it in pieces; the 
degree of its resistance to this effort, or its tenacity^ 
measures the attraction of the molecules for each other. 
Strike it with a hammer, and it breaks into many pieces, 
thus manifesting its irittlenessj but each piece is ordinary 
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sulphar. Heat it in a spoon, and it assumes the liqnid 
form, but it is sulphur yet In none of these changes has 
the nature of the molecule, or the identity of the sub- 
stance, undergone any change. On the other *haud, if 
the sulphur be heated sufficiently it will take fire and 
burn, producing the . irritating, suffocating gas familiar to 
all through the use of common matches. We thus see 
that the sulphur is combustible. This combustibility is 
a chemical property, in the manifestation of which the 
identity of the substance is destroyed. Before the mani- 
festation we had sulphur; after it we have sulphurous 
anhydride (SO,). The original molecules were elemen- 
tary, composed of like atoms ; the resultant molecules 
are compound, composed of unlike atoms, sulphur and 
oxygen. 

17. Division of Physical Properties.— Physi- I 

Bill properties of matter are, in turn, divided into two j 

classes, universal and characteristic, I 

18. Wliat are Universal Properties ?— J7/^i- 

versal properties of matter are such a^s belong to 
all matter. 

All substances possess them in common ; no body can 
exist without them. We cannot even imagine a body 
that does not require space for its existence. This qual- 
ity of matter, which will soon be named, is, therefore, 
universal. 

19. Wliat are Characteristic Properties?— 

Characteristic properties of matter are such as 
belong to matter of certain kinds only. 

They enable us to distinguish one substance ttoxn an- 
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other. Glass is brittle, and by this single property may 
be distinguished from india-rubber. 

20. List of Universal Properties.— The prin- 
cipal uiliversal properties of matter are extension, im- 
penetrdbUity, weighty indestructibility, inertia, 
mobility, divisibility, porosity, compressibility, ex- 
pansibility, and elasticity, 

31. List of Characteristic Properties.— The 

characteristic properties of matter (often called specific or 
accessory properties) are numerous. They depend, for the 
most part, upon cohesion and adhesion. The most im- 
portant characteristic properties are hardness, tenacity, 
britHeness, maUecibility, ductility. 

22. Wliat is Extension? — Extension is thai 
property of matter by virtue of which it occupies 
space. 

It has reference to the qualities of length, breadth, and 
thickness. It is an essential property of matter, involved 
in the very definition of matter. 

(a) All matter must have these three dimensions. We say that 
a line has length, a surface has length and breadth ; but lines and 
surfaces are mere conceptions of the mind, and can have no material 
existence. The third dimension, which affords the idea of solidity 
or volume, is necessary to every form of every kind of matter. No 
one can imagine a body that has not these three dimensions, that 
does not occupy space, or " take up room." Figure or shape neces- 
sarily follows from extension. 

23. Englisli Measures. — ^Por the purpose of com- 
paring volumes^ as well as surfaces and lengths, measures 
are necessary. In the United States and England the 
yard has been adopted as the unit, and its divisions^ as 
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feet and inches^ together with its multiples, as rods and 
miles, are in familiar use. This unit is determined by 
certain bars, carefully preserved by the govern ments of 
these two nations. 

24. Metric Measures.— The international system 
has the merits of a less arbitrary foundation and of far 
greater convenience. From its unit it is known as the 
metric system. This system is in familiar use in most of 
the countries of continental Europe and by scientific 
writers of all nations, and bids fair to come into genera] 
ase in this country. For these reasons, as well as for its 
greater convenience, an acquaintance with this system is 
now desirable, and will soon be necessary. It has been 
already legalized by act of Congress. 

25. Definition of Meter. — The meter is defined 
as the forty-millionth of the earth's meridian which 
passes through Paris, or as the ten-millionth of a quadrant 
of such a meridian. It is equaZ to 39.37 inches. Like 
the Arabic system of notation and the table of IT. S. 
Money, its divisions and multiples vary in a tenfold 
ratio. 



26. Metric Measures 


Of I 


length. — Ratio 


= 10. 






' MiUimeter (mm.) = 


.001 


m.= 0.03937 inches. 


Divisions. - Centimeter (cm,) = 


.01 


m.= 0.3937 " 


_ Decimeter {dm.) = 


.1 


m.= 3.937 


Unit. Meter (m.) = 


1. 


m.= 39.37 


Dekameter (Dm.)— 


10. 


m.=393.7 


Hektometer (JJm.)= 
^ KOometer {Km.)= 


100. 


w.=328 ft. 1 inch. 


1000. 


m.- 0.62137 miles. 


I M^rriameter (Jfw*.)— 10000. 


m.= 6.2137 " 
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ir<?^tf.— ^The table may be read : 10 millimeters make 1 
centimeter ; 10 centimeters make 1 decimeter, etc. The 
denominations most used in practice are printed in italics. 
The system of nomenclature is very simple. The Latin 
prefixes, rmUi-, ecnti-, and deH-, signifying respectively 
TinnF' jhnf ^^^ iV* ^'^^ already familiar in the mill, cent, 
i and dime of U. S. Money, are used for the divisions, 
g while the Greek prefixes deka-, hekto-, kilo-, and myria-, 
signifying respectively 10, 100, 1000, and 10000, are used 
for the multiples of the unit. Each name is accented on 
the first syllable. 
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I 37. Metric Measures of Surface.— 
Ratio = 10" = 100. 
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v 



' Square millimeter («g. wto.)= 0.000001 «g. m. 

Square centimeter (sq. cm,) =0.0001 
^ Square decimeter (sq. dm.) =0.01 
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II 
C 

I ' Divisions. -< 

§ 

o 

if Unit. Square meter {sq, m.) =1. 

2 

3 etc., etc. 

2 Note. — The table may be read : 100 ^g. mm. = 1 «g. cm. ; 
a 100 sq. cm, = 1 sq. dm., etc. The reason for the change 
§ of ratio from 10 to 100 may be clearly shown by represent- 
ing 1 sq. dm., and dividing it into aq. cm. by lines, which 
shall divide each side of the sq. dm. into 10 equal parts or 
centimeters. 

38. Metric Measures of Volume.— 
J^^ j^ Ratio = 103 = lOOO. 

{Cubic millimeter (cu. mm,) = 0.000000001 cu. m. 
Gvbic centimeter {cu. em,) = 0.000001 
Cubic decimeter (cu. dm.) = 0.001 

Unit. Cubic meter {cu. m,) = 1.308 cu. yds. 

etc., etc. 

39. Metric Measures of Capacity.— Ratio = 

10. — For many purposes, such as the measurement of 
articles usually sold by dry and liquid measures, a smaller 
unit than the cubic meter is desirable. For such purposes 
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the ciibic decimeter has' been selected as the standard^ 
and when thus used is called a liter (pronounced Ueter). 

(MUmiter (m^.) = 1 cu. cm. = 0.061022 ca. in. 
Centmter (rf.) = 10 " = 0.338 fld.ca. 
DecOiter ((K.) = 100 " = 0.845 glU. 

Uott. LUer (i) =1000 " ^ -= 1.0567 Uquid qta 

' DekaUter (Dl.) = 10 cu. dm.= 9.08 dry qts. 
Multiples. | HektoHter (JK.) = 100cu.dm.= 2bu.8.35 pks. 
^ KUoHter {Kl.) = 1 cu. m. = 26417 gals. 

30. Comparative Helps. — ^It may be noticed that 
the m. corresponds somewhat closely to the yard, which it 
will replace. Kilometers will be used instead of miles. 
The cu. cm. may be represented by the ordinary die used 
in playing backgammon. The I. does not differ very much 
from the qu^, or the Dl from the peck, which they will 
respectively replace. In fact, the t is, in capacity, inter- 
mediate between the dry and liquid quarts. 

31. What Is Jinpenetrahility ?—Inipenetra-* 

hUity is that property of matter by virtue of whi^h 
two bodies < cannot occupy the same space at the 
sam^ time. 

(a.) Illustrations of this property are very simple and abundant. 
Thrust a finger into a tumbler of water ; it is evident that the water 
and the finger are not in the same place at the same time. Drive a 
nail into a piece of wood ; the particles of wood are either crowded 
more closely together to give room for the nail, or some of them are 
driven but before it. Clearly, the iron and the wood are not in the 
same place at the same time. 

33. Experiment. — Through one cork of a two- 
necked bottle pass a small funnel or ** thistle-tube," and 
let it extend nearly to the bottom of the bottle. Through 
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the other cork lead a tube to the water-pan, and let it 
terminate beneath or 
within the neck of 
a clear glass bottle 
filled with water, 
and inverted in the 
water-pan. See that 
the corks are oOi- 
tiglit; if necessary, 
seal them with wax 
or plaster of Paris. 
If a two-necked bot- 
FiG, 3. tie be not convenienl^ 

substitute therefor a 
wide-mouthed bottle having two holes through the cork. 
The delivery tube is best made of glass. It may be easily 
bent by first heating it red-hot in an alcohol or gas Same. 
Pour water steadily through the funnel ; as it descends, 
air is forced oat through the delivery tube, and may be 
seen bubbling through the water in the inverted bottle. 
At the end of the experiment, the volnme of water iu the 
two-necked bottle will bo nearly equal to the volume of air 
in the inverted bottle. This clearly shows the impene- 
trability of air. 

33. What is Weight?— TTetiA* is (as the t«rm 
is generally used) the measure of gravity or molar at- 
traction (§ 7) of which it is a necessary consequence. 

(a.) As all moases of m&tter exert this force, wdglit necesaarilj 
pertdnB to all matter ; but, in general ase, the term weight has 
reference to bodies upon the earth. If a. body be placed near the 
earth's surface and left unsupported, the mae»«ttraction of the 
«arth for each molecule In the bodj wUI draw the two together, and 
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the body is said to fall to the earth. But in this case we have no 
means of measuring the force that draws the two bodies together. 
If now the body be supported, the force acts as before and produces 
pressure upon the supporting substance. This pressure measures 
the attractive force acting between the earth and the body, and is 
called weight. If a second body like the first be placed beside it, 
the mass- attraction of the earth is exerted upon twice as many 
molecules, and, reciprocally, the attraction of twice as many mole- 
cules is exerted upon the earth; ». e., the attraction has become twice 
as great, and the measure of that attraction, or the wdght, has been 
doubled. 

(&.) If the same body were upon the moon, its weight would be 
the measure of the attraction existing between the body and the 
moon. But as the mass of the moon is less than that of the earth, 
the attraction between the body and the moon would be less than 
that between that body and the earth, and the weight would be 
proportionally diminished. 

34. English Measures of Weight.— For the 

comparison of weights^ as well as of extension^ standards 
are necessary. In England and the United States the 
pound is taken as the nnit. Unfortunately, we have 
pounds Troy, Avoirdupois, and Apothecaries', the use vary- 
ing with the nature of the transaction. As with the yard, 
these units are arbitrary, determined by certain carefully 
preserved standards. 

35. Metric Measures of Weight.— Ratio 

Milligram {mg) = 0.0154 grains avoirdupois. 
DivisiOHS. " Centigram {eg,) = 0.1543 
, Decigram {dg.) = 1.5433 

tlNrra. Cfram (jg.) = 15.432 

f Dekagram (Dg.) = 0.3567 oa. 
Hektognun (Eg.) = 3.5274 
KUogram (Kg.) =i 2.2046 lbs. 



MULTIFLBS. 
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.Myriagram (Mg.) = 22.046 
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36. What is a Gram ^—A gram is the weight 
of one cu. cm. of pure water, at its temperatnre of 
greatest density (4° C. or 39.2° F.). A 6-cent nickel ^iw;>in 

weighs 5 g. . X- 

1. How macl£MFdter) by weight, will a Hler na^'contain? 

2. If sulphuric acid is 1.8 times as heavy as water, what weight 
of the acid will a liter flask contain ? I ♦ Y A. 

8. If alcohol is 0.8 times as heavy as water, how much will 1250 
eu, cm, of alcohol weigh ? 

4. What part of a liter of water is 250 g. of water? 

5. What is the weight of a eu, dm. of waters 

6. What is the weight of a dl, of water ? 

37. What is Indestructibility ?—//M2e5^rwc^- 

hility is that property of matter by virtue of which 
it cannot be destroyed. 

(a.) Science teaches that the universe, when first hurled into space 
from the hand of the Creator, contained the same amount of matter, 
and even the same quantity of each element, that it contains to-day. 
This matter has doubtless existed in different forms, but during'^ all 
the ages since, not one atom has been gained or lost. Take carbon 
for instance. From geology we learn that in the carboniferous age, 
long before the advent of man upon the earth, the atmosphere was 
highly charged with carbonic acid gas, which, being absorbed by 
plants, produced a vegetation rank and luxuriant beyond comparison 
with any now known. The carbon thus changed from the gaseous 
to the solid form was^in time, buried deep in the earth, where it 
has lain for untold centuries, not an atom lost. It is now mined as 
coal, burned as fuel, and thus transformed again to its original 
gaseous form. No human being can create or destroy a single atom 
of carbon or of any other element. Matter is indestructible. 
Water evaporates and disappears only to be gathered in clouds and 
condense and fall as rain. Wood burns, but the ashes and smoke 
contain the identical atoms of which the wood was composed. In a 
different form, the matter still exists and wpighs as nfuch as before 
the combustion. 

38. Wliat is Inertia? — Inertia is that prop- 
erty of 7natter by virtue of which it is incapaile 
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of changing Us condition of rest or motion, or the 
property by virtue of which it has a tendency when at 
rest to remain at rest, or when in motion to continue in 
motion. 

(a.) If a ball be thrown, it requires external force to put it in mo- 
tion; the ball cannot put itself in motion. When the ball is passing 
through the air it has n^ power to stop, and it will not stop until 
some external force compels it to do so. This external force may 
be the bat, the catcher, the resistance of the air, or the force of 
gravity. It must be something outside the ball or the ball Will move 
on forever. Illustrations of the inertia of matter are so numerous 
that there should be no difficulty in getting a clear idea of this 
property. The "running jump" and "dodging" of the play- 
ground, the frequent falls which result from jumping from cars in 
motion, the backward motion of the passengers when a car is sud- 
denly started and their forward motion when the car is. suddenly 
stopped, the difficulty in starting a wagon and the comparative ease 
of keeping it in motion, the " balloon " and ** banner" feats of the 
circus-rider, etc., etc., may be used to illustrate this property of 
matter. 

39. Experiment. — ^Upon the 
tip of the fore-finger of the left 
handy place a common calling-card. 
Upon this card, and directly over 
the finger, place a cent. With the ftg. 3. 
nail of the middle finger of the 

right hand let a sudden blow or ** snap " be given to the 
card, A few trials will enable you to perform the experi- 
ment so as to drive the card away, and leave the coin 
resting upon the finger. Repeat the experiment with the 
variation of a bullet for the cent, and the open top of a 
bottle for the finger-tip. 

40, What is Mobility "i— Mobility is that prop- 
erty of moMer by virtue of which the position of 
bodies may be changed. ■■, 
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{a,) A body is any separate portion of matter, be it large or small, 
as a book, a table, or a star. The term is nearly synonymous with 
mass, bat has not so distinct a reference to the absolute quantity of 
matter. Bodies or masses are composed of molecules ; molecules 
are composed of atoms. 

(&.) On account of inertia, the body cannot change its own posi- 
tion ; on account of mobility any mass of matter may be moved if 
sufficient force be applied. This changing of position is called 
motion; motion presupposes force. (See g 64.) 

41. What is jyiyisihility ?—DivisibUity is that 
property of matter by virtue of which a body may 
be separated into parts. 

(a.) Theoretically, the atom is the H^iit of divisibility of matter. 
Practically the divisibility of matter is limited before the molecule 
is reached ; our best instruments are not sufficiently delicate, our 
best trained senses are not acute enough for the isolation or percep- 
tion of a molecule. Nevertheless, this divisibility may be carried 
to such an extent, by natural, mechanical (physical) or chemical 
means, as to excite our wonder and test the powers of imagination 
itself. It is said that the spider's web is made of threads so fine 
that enough of this thread to go around the earth would weigh but 
half a pound, and that each thread is composed of six thousand fila- 
ments. A single inch of this thread with all its filaments may be 
cut into thousands of distinct pieces, and each piece of each fila- 
ment be yet a mass of matter composed of molecules and atoms. 
The microscx)pe reveals to us the existence of living creatures so 
small that it would require thousands bf millions of them to aggre- 
gate the size of a hemp-seed. Yet each animalcule has organs of 
absorption, etc. ; in some of these organs fluids circulate or exist. 
How small must be the molecules of which these fluid masses are 
composed I What about the size of the atoms which constitute the 
molecules ? A coin in current use loses, in the course of a score of 
years, a perceptible quantity of metal by abrasion. What finite 
mind can form a clear idea of the amount of metal rubbed oft at 
each transfer ? 

43. What is Torosity ?—Forosity is that prop- 
erty of m^atter by virtue of which spaces eoAst 
between the molecules. 
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(a.) When iron is heated, the molecules are pushed further apart, 
the pores are enlarged, and we say that the iron has expanded. If 
apiece of iron or lead be hammered, it will be made smaller, because 
the molecules are forced nearer together, thus reducing the sise of 
the pores. Cavities or cells, like those of bread or sponge, are some- 
times spoken of as " sensible pores," but these are not properly in- 
cluded under this head. 

, 43. What is Compressibility ?—Cio7n/;ore5si6iZ- 

Uy is that property of matter by mrtue of which 
a body may be reduced in size. 

44. Wliat is ExpansihUity ?—ExpansU)il,ity is 
that property of matter by virtue of which a body 
may be increased in size* 

(a.) Compressibility and expansibility are the opposites of each 
other, resulting alike from porosity. Illustrations have been given 
under the head of porosity. Let each pupil prove by experiment 
that air is compressible and expansible. ^ , / 

45. What is 'ElasUeity ?— Elasticity is that 
property of matter by virtue of which bodies resume 
their original form or size when that farm or 
size has been changed by any external force, 

{a.) All bodies possess this property in some degree, because all 
bodies, solid, liquid or aeriform, when subjected to pressure (within 
limits varying with the substance), will resume their original size 
upon the removal of the pressure. The amount of compression mat- 
ters not except in tbe case of solids. It was formerly thought that 
liquids were incompressible ; hence aeriform bodies were called 
elastic fluids, while liquids were called non-elastic fluids. But tbe 
compressibility and perfect elasticity of liquids having been shown, 
the term "non-elastic fluid " involves a contradiction of terms and 
would better be dropped. Fluids have no elasticity of form ; on 
the other hand, all fluids have perfect elasticity of size. What 
properties of matter are illustrated by the action of the common 
pop-gun? 

46. What are Cohesion and Adhesion?— 

Cchesion is the force that holds together like moUe- 
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cules; adhesion is the force that holds- together 
uniike molecules, 

(a.) Cohesion is the force that holds most substances 
together and gives them form. Were cohesion suddenly 
to cease, brick and stone and iron would crumble to finest 
p powder, and all our homes and cities and selves fall to 

' hopeless ruin. In aeriform bodies, cohesion is not ap- 
parent, being overcome by molecular repulsion (heat). In 
large masses of liquids the cohesive force is overcome by gravity, 
which tends to bring all the molecules as low as possible and thus 
renders their surfaces level. But in small masses of liquids, the 
cohesive force predominates and draws all the molecules as near 
each other as possible, and thus gives to each mass the spheroidal 
form, as in the case of the dew or rain-drop. Globules of mercury 
upon the hand or table, and drops of water upon a heated stove, are 
familiar illustrations of this effect of cohesion upon small liquid 
masses. But in the solid state of matter, cohesion shows most 
clearly. Cohesion acts only at ir.sensible (molecular) distances. Let 
the parts of a body be separated by a sensible distance, and cohesion 
ceases to act ; we say that the body is broken. If the molecules of 
the parts can again be brought within molecular distance of each 
other, cohesion will again act and hold them there. This may be 
done by simple pressure, as in the case of wax or freshly-cut lead ; 
it may be done by welding or melting, as in the case of iron. Cir- 
cular plates of glass or metal, about three inches in diameter, often 
have their faces so accurately fitted to each other that, when pressed 
together, a considerable force is needed -to separate them. (See 
Fig. 4) 

(b.) Adhesion is the force that causes the pencil or crayon to leave 
traces upon the paper or blackboard, and gives efficacy to paste^ 
glue, mortar and cements genemlly. In a brick wall, cohesipn binds 
together the molecules of the mortar layer into a single, hardening 
mass, while on either hand adhesion reaches out and grasps the ad- 
joining bricks and holds them fast — a solid wall. Like cohesion, it 
acts only through distances too small to be measured ; unlike cohe- 
sion, it acts between unlike molecules. 

47. What is Hardness ?— Hardness is tha4> 
property of matter by virtue of which some bodies 
resist any attew/pt to force a passage between their 
particles. 
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It is measured by the degree of difficulty with which it 
is scratched by another substance. Fluids are not said to 
have hardness. 

(a.) Hardness does not imply density. Tlie diamond is mach 
harder than gold, but gold is four times as dense as diamond. 

48. What is Tenacity ? — Tenacity is that prop- 
erty of matter by virtue of which some bodies re- 
sist a force tending to pull their particles asunder. 

(a,) Like hardness and the other characteristic properties of 
matter, it is a variety of cohesion which is the general term for the 
force which holds the molecules together and prevents disintegration. 
The tenacity of a substance is generally ascertained by shaping it in 
the form of a rod or wire, the area of whose cross-section may be 
accurately measured. . Held by one end in a vertical position, the 
greatest weight which the rod will support is the measure of its 
tenacity. For any given material, it has been found that the tenacity 
is proportioned to the area of the crose^aection ; e, g.,B. rod with a sec- 
tional area of a square inch will carry twice as great a load as a 
rod of the same material with a sectional area of a half square inch; 
a rod one decimeter in diameter will carry four times as great a load as 
asimilajr rod five centimeters in diameter. The explanation of this is 
simple ; imagine these rods to be cut across, and it will be evident 
that, on each side of the cut, the first rod will expose the surfaces 
of twice as many molecules as will the second, and that the third 
will expose four times as many molecular surfaces as the fourth. 
But for the same material, each molecule has the same attractive 
force. Doubling the number of these attractive molecules, which 
is done by doubling the sectional area, doubles the total attractive 
or cohesive force, which, in this case, is called tenacity ; quadru- 
pling the sectional area quadruples the tenacity. Hence the law : 
Tenacity is proportioned to the sectional area. 

49. What Is Brittleness t—Brittleness is that 
property of matter by virtue of which some bodies 
may be easily broken, as by a blow. 

(a.) Glass furnishes a familiar example of this property. The 
idea that brittleness is the opposite of hardness, elasticity or tenac- 
ity, should be gpiarded against. Qlass is harder than wood, but 
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▼ery brittle ; it is very elastic, but very brittle also. Steel is far 
more tenacious than lead, and far more brittle. 

50. What is Malleability?— Jtfa?Zea6tt£^ is 

that property of matter by virtue of which some 
bodies m^ay be roUed or hammfiered into sheets. 

(a.) Steel has been rolled into sheets thinner than the jmper npon 

which these words are printed. Gold is the most malleable metal, 

and, in the form of gold leaf, has been beaten so thin that 282,000 

sheets, placed one npon the other, would measure but a single inch 

^ in height. 

51. Wliat is Ductility ?— DztcWZi^ is that 
property of wetter by virtue^ of which some bodies 
may be drawn into wire. 

(a.) Platinum wire has been made -^^^ of an inch in diameter. 
Glass, when heated to redness, is very ductile. 

5S. Experiment. — Heat the middle of a piece of 
glass tubing, abont six inches long, in an alcohol flame, 
until red-hot Eoll the ends of the glass slowly between 
the fingers, and when the heated part is soft^ quickly draw 
the ends asunder. That the fine glass wire thus produced 
is still a tube, may be shown by blowing through it into a 
glass of water, and noticing the bubbles that will rise to 
the surface. 

Becapitulation. — To be reproduced and amplified 
by the pupil from memory. 

' Extennon^ Impenetrabil^ 
iiyy iVeigki^ Indestruc^ 
tibiUty^ Inertia^ Mobil- 
iiy^ Divisibility^ Po- 
rosiiy^ Ccmprttt^liiyy 
Expansibility^ Etas' 
ticity. 

Hardness. 
Tenacity. . 
BrittUness. 
Malleability. 
Ductility. 
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j ^aEC TtON III. 

THE THREE CONDITIONS OF MATTER. 

63. Conditions of Matter. — Matter exists in 
three conditions or forms— the solid, the liquid, 
and the aeriform. 

54. What is a Solid? — A solid is a body whose 
molecules change their relative positions with 
dijficiblty. 

Such bodies have a strong tendency to retain any form 
that may be given to them. A movement of one part of 
such a body produces motion in all of its parts. 

65. What is a Liquid ?—.yi liquid is a body 
whose molecules easily change their relative po- 
sitions, yet tend to cling together. 

Such bodies adapt themselves to the form of the vessel 
containing them, but do not retain that form when the 
restraining force is removed. They always so adapt them- 

I 

selves as to have their free surfaces horizontal Water 
is the best type of liquids. 

66, Experiment. — Sus- 
pend a glass or metal plate, 
of about four inches area, 
from one end of a scale-beam, 
and accurately balance the 
same with weights in the oppo- 
site scale-pan. The support- 
ing cords may be fastened to 
the plate with wax. Beneath Fig. 5. 
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the plate place a saucer so that when the saucer is filled 
with water the plate may rest upon the liquid surface, the 
scale-heam remaining horizontal.* Carefully add small 
weights to those in the scale-pan. Notice that the water 
beneath the jt?Za^e is raised above its level. Add more 
weights until the plate is lifted from the water. Notice 
that the under surface of the plate is wet. These mole- 
cules on the plate have been torn from their companions 
in the saucer. The weights added to the original coun- 
terpoise were needed to overcome the tendency of the 
water molecules to cling together. 

Note to the PupU. — After seoing a physical experiment, always ask 
yourself, '* What was the object of that experiment? What does it 
teach ? " Never allow yourself to look upon an experiment as being 
simply entertaining ; thus reducing the experimenter, w far as you 
a/re concerned, to the level of a showman. 

57. What is an Aeriform Hody^—An (teri- 
foTm body is one whose molecules easily change 
their relative positions, and tend to separate from 
each other almost indefinitely. 

Atmospheric air is the best type of aeriform bodies. 

58. Gases and Vapors.— Aeriform (having the 
form of air) bodies are of two kinds, gases and vapors. 
Gases remain aeriform under ordinary conditions, although 
some^ if not all, may be liquefied by intense cold and pres- 
sure. Vapors are aeriform bodies produced by heat from 
substances that are generally solid or liquid, as iodine or 
water. They resume the solid or liquid form at the ordi- 
nary temperature. 

59. Changes of Condition.— The same substance 
may exist in two or even three of these forms. Most 
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solids^ as lead and iron^ may be changed by heat to liquids ; 
others, as iodine, may be apparently changed directly to 
vapors ; still others, as ice, may be easily changed first to 
the liquid, and then to the vapor form. It is probable that 
any solid might be liquefied and vaporized by the applica- 
tion of heat, and that the practical infusibility of certain 
substances is due to our limited abilities in the prodaction 
of heat. 

(a.) Many vapors and gafies, as steam and sulphurous anhydride 
(SO, 4 the irrespirable gas formed by burnmg sulphur), may be liquefied 
by cold, the, withdrawal of heat. The process is one of subtraction. 
A still further diminution of the heat force would, in many cases, 
lead to a solidifying of the Uquid. It is probable that all gases 
might be liquefied and all liquids solidified, if we had the power of 
unlimited withdrawal of heat. In fact, it is claimed that the last of 
the " permanent gases" has been liquefied already. 

60. What is a Fluid ?--.i fluid is a body 
whose molecules easily change their relative 
positions. 

The term comprehends liquids, gases, and vapors. 

61. Optional Definitions. — (1.) A body possess- 
ing any degree of elasticity of form (§ 45) is a solid ; a 
body that possesses no elasticity of form is a fluid. 

(2.) A body that can exist in equilibrium under the 
action of a pressure that is not uniform in all directions 
is a solid ; a body that cannot exist in equilibrium under 
such conditions is a fluid. 

(3.) A fluid that can expand indefinitely so as to fill any 
vessel, however large, is an aeriform body ; a fluid, a small 
portion of which, when placed in a large vessel, does not 
expand at once so as to fill the vessel, but remains col- 
lected at the bottom, is a liquid. 
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63. Test Questions.— What is the one character- 
istic difference between a solid and a liquid ? Between a 
liquid and a gas ? Between a gas and a vapor ? Between 
a fluid and a solid P Into what two classes may these 
three physical conditions of matter be divided, reference 
being made only to ease or difficulty of a change of rela- 
tive position of the molecules ? 

if(^«.— Recent experiments with electric discliarges in high vacu- 
nms [§§'390; 871 (31)] have yielded remarkable reealts which are 
held, by some, to show the existence of a fourth condition of matter. 
For matter in this " oltra-gaseous " state, the name '* Radiant mat- 
ter ** has been proposed. 

Becapitulation. — To be reproduced, upon paper or 
the blackboard, by each pupiL 
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SOLIDS. 

Molecules change 
. their relative po- 
sitions with dilfi* 
culty. 



FLUIDS. 

Molecules change 
their relative po- 
sitions easily. 



LIQUIDS. 

Molecules cling to- 
gether feebly. 



AERIFORM BODIES. 
Molecules tend to 
separate. 



Gases ; ordinarily 
airi/arm. 

Vapors ; ordinarily 
liquid or solid. 
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FORCE AND MOTION. 

63. Dynamics. — Dynamics is that branch of 
physics which treats of forces and their effects. 

These effects may be of two kinds. 

(a.) The forces employed maj be counterbalancedL If they thus 
act upon a body at rest, tbat body Tvill remain at rest ; if they act 
upon a body in motion, the motion will not be changed thereby. 
The branch of dynamics that treats of forces thus balanced is called 
8latic8. 

(b) The forces employed may act against the inertia of matter 
(§ 38), and produce motion or change of motion. Tho branch of 
dynamics that treats of forces thus used is called EiTietics. If we 
have a problem relating to the forces that may produce equilibrium 
in a lever, as in the act of weighing goods, it is a static problem ; 
if a problem refer to the velocity of a falling body, or the amount 
of work that may be done by the uncoiling of a watch-spring, it is 
a kinetic problem. 

Note, — No attempt will be made to maintain the distinction be- 
tween the static and kinetic effects of forces. 

64. What Is Force ?— The word force is difficult 
of satisfactory definitioD. As generally used, it signifies 

2 
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any cause that tends to produce, change, or destroy 
motion. 

It follows from inertia that bodies are incapable of 
changing theii* condition of rest or motion. Any caase 
capable of producing a tendency to change either of these 
conditions^ is called a force. 

(a.) We say that the tendency of a force acting on a body at rest 
is to move it. Motion vM be produced if the body is free to move. 
This motion inaj be prevented by the simultaneous action of another 
force or of other forces. Or the body may be fixed so that a given 
puU or pressure, L e., the application of force, will produce no 
motion. In this case, opposing forces are called into action as soon 
as the given force begins to act, and thus the new force is neutralized. 
For instance, a small boy may exert all of his muscular power upon 
a large stone and not lift it at all. The force employed produces no 
motion. The attraction between the earth and the stone (§ 33) is a 
force acting in a downward vertical direction. This force is exactly 
balanced by the upward pressure of the supporting earth or floor 
(§ 93). If the stone weighs two hundred pounds and the boy lifts 
fifty pounds, the supporting body exerts an upward pressure of only 
one hundred and fifty pounds. One quarter of the weight of the 
stone or a downward force of fifty pounds is thus liberated or called 
into play by the very act of lifting with a force of fifty pounds. 
Hence no motion is produced, because an opposing force is called 
into action as soon as the given force begins to act, and thus the 
new force is neutralized. 

(&.) In this case, the greatest opposing force that can be set free 
or called into play is a force of two hundred pounds, the full weight 
of the stone. If, therefore, the stone be lifted with a force of more 
than two hundred pounds, the new force can not be wholly neutral- 
ized and motion will take place. If there be no opposing force to be 
thus called into action, or, in other words, if the body be free to 
move, the smallest conceivable force will overcome the inertia and 
produce motion. , . 

65. Elements of a Force. — In treating of forces, ^ 
we have to consider three things : 

(1.) The point of application, or the point at which 
the force acts. 
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{jL) The direction^ or the right line along which it 
tends to move the point of application. 

(3.) The magnitude or value when compared with a 
given standard^ or the relative rate at which it is 
able to produce motion in a body free to move. 

66. Measurefnent of Forces.— It frequently is 
desirable to compare the magnitudes of two or more forces. 
That they may be compared, they must be measured; that 
they may be measured, a standard of measure or unit of 
&roe is necessary. When this unit has been determined 
upon, the value of auy given force is designated by a nu- 
merical reference to the unit, just as we refer quantities of 
weight to the kilogram or pound, or quantities of distance 
to the meter or yard. The magnitude of any force may be 
measured by either of two units, which we shall now con- 
sider. 

67. The Gravity Unit.— The given force may be 
measured by comparing it with the gravity of some known 
quantity or mass of matter. This is a very simple and 
convenient way, and often answers /syery purpose. The 
gravity unit of force ts the grat/ity of aivy unit of 
mass. This unit of masfe may be ,a gram, kilogram, 
pound, or ton, or any other unit that may be more con- 
venient under the circumstances. 

(a.) A force is said to be a force of 100 kilograms when it may be 
replaced by the action of a weight of 100 kilograms. The pressure 
of steam in a boiler is generally measured, at present, in pounds per 
square inch, that is, by determining the number of pounds with 
which it would be necessary to load down a movable horizontal 
square inch at the top of the boiler in order to keep it in place 
against the pressure of the steam. A cord or rope may be pulled 
with a certain force. This force is measured by finding out how 
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manjr poonds Buspended by the cord or rope would give it an equal 
pull or tension. 

(&.) As we** shall see, the force of gravity exerted upon a given 
mass is variable. A given piece of iron would weigh more at the 
poles than at the equator. Other variations in the force of gravity 
are known. When, therefore, scientific accuracy is required, it will 
not suffice to speak of a force of ten pounds, but we may speak of a 
force of ten pounds at the sea-level at New York City. The neces- 
sary corrections may then be made. But for ordinary purposes, 
these details may be disregarded. 

68, The Absolute \Jmt.—The absolute or ki- 
netic unit of force is the force that, /icting for 
unit of time upon unit of mass, will produce 
unit of velocity. 

If we adopt the common units, the kinetic nnit of force 
is the force that, applied to one pound of matter for one 
second, will produce a velocity of one foot per second. 

(a.) In all kinetic questions the kinetic unit is far more convenient. 
Gravity units may easily be changed to kinetic units. At the lati- 
tude of New York, the force of gravity acting upon one pound of 
matter left free to fall will g^ve it a velocity of 82.13 ft. per second 
for every second that it acts. Consequently, at such latitudes, the 
gravity unit is equal to 32.16 kinetic units. 

69, The Dyne. — Instead of using a unit of force 
based upon the foot and pound, scientific men are coming 
to use a similar unit based upon the centimeter and gran^. 
This unit has recently received a definite name. The 
dyne is the force which, acting for one second 
v»pon a mass of one gram, produces a velocity of 
one centim^eter per second* 

(a.) If a body weighing 25 grams acquires in one second a velocity 
of 30 cm. the moving force was 750 dynes. If it acquires the same 
velocity in 2 seconds, of course the force was only half as great, oi 
875 dynes. 

(&.) The several units based upon the centimeter, gram and second. 
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eonstitnte a class called (from the initial letters of these words) 
C. G. S. Units. Thus the djne is the C. G. S. unit of force. 

Note to the PupU^-^We have been speaking of unit of mass, and 
you haye probably had no diificulty in understanding that, by this 
term, a certain definite quantity of matter is meant. This certain 
quantity may be any quantity that we agree upon as a unit of 
measure. In this country we have, as yet, no commonly accepted 
unit of mass. In countries where the metric system of weights 
and measures is used, the unit of mass is the quantity of matter 
contained in one eu, em. of pure water at its temperature of greatest 
density. It will be seen that this definition is independent of gravity, 
and that it holds good for matter anywliere. The quantity of matter 
in the unit thus defined is invariable, while the gram, which is its 
weight (§ 36), is variable. But notwithstanding this, at any given 
place, i^eight is proportional to mass, and we, therefore, conveniently 
use weight as a means of estimating mass. We speak without any 
considerable ambiguity of a pound of matter, because we know that 
a masB that weighs two pounds at the same place has just twice as 
much matter as the firsts which we may take as a convenient unit of 
mass. 

70. Momentum. — The momentum of a body is 
its quantity of m^otion. 

Its measure is the product of the numbers representing 
the mass and the velocity. 

(a,) One tendency of force is to produce motion. Two units of 
force will produce twice as much motion as one unit. This doubled 
momentum or quantity of motion may exist in two units of mass 
having one unit of velocity, or in one unit of mass with two units of 
Telocity. The momentum of a body having a mass of 20 pounds 
and a velocity of 15 feet, is twice as great as that of a body having a 
mass of 5 pounds and a velocity of 30 ft. The momentum of the 
former- is 300 ; that of the latter, 150. Momentum has reference 
only to force and inertia. Therefore, when acting upon bodies free 
to move, equal forces will produce equal momenta whether the 
bodies acted upon be light or heavy. The unit of momentum has no 
definite name. 

71. Experiment.— Figure 6 represents a piece of 
appar^tus^ devised by Eitchie of Boston. It consists of 
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tffo ball pendulams, one of which weighs twice as mach 
OB the other, suspended as 
repreaented. The heavier ball 
containB a spring-hammer, 
which is held back by a thread. 
The hammer being thus held 
back, and the smaller ball 
resting against its face, the - 
thread is bamed, a blow is 
t struck, and an equal force is 
exerted npon each boll (§§ 72 
[3] and 93). The smaller ball 
will move twice as fiist and 
twice as far aa the larger ball, 

equal forces producing equal momenta. 

ESEBCIBES. 

1. Eind the momentom of a 500 lb. ball moving 600 feetft second. ' 

2. By falling a certain time, ft 200 lb. ball has acquired a velod^ 
of 321.6 ft WhatisitBmomeatamT ' > ii ■ ' ■. 

8, A boat, that is moving at th6 rate of G miles an boor, weigliH 
4 tons; another, that Is moving at the rote of 10 miles an hour, 
weighs 2 lone. How do their momenta compare t 

4 What is meant \>y a force of 10 pomidsT To how many kinetic 
units is it equal T < y ' ' 

5. A Btooe weighing 12 oi. is thrown with a velocitr of 1330: ft / 
per minute. An ounce ball is shot with a Telodty of 16 miies per . 
minute. Find the ratio between their momenta. <" ,- 

6. An iceberg of 50,000 tons moves with a velodtj of 3 miles an 
hour ; an avalanche of 10,000 tons of snow descends with a velodty 
of 10 miles an hour. Which has the greater momentum ? 

7. Two bodies weighing respectively 23 and 40 pounds have equal . 
momenta. The first has a velocity of 80 ft. a second ; what is the 
velocity of the other i 

a Two balls have equal momenta. Tbe finrt w^hs 100 kilo- 
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grams and moves with a velocity of 20 meters a second. The other 
moves with a velocity of 500 meters a second. What is its weight % 

9. A force of 1000 dynes acts on a certain mass for one second and 
^ves it a velocity of 20 cm. per second. What is the mass in 
grams? Ana. 50. 

10. A constant force, acting on a. mass of 12 g. for one second, 
gives it a velocity of 6 cm. per second. Find the force in dynes. ' 

. 11. A force of 490 dynes acts on a mass of 70 g. for one second. 
What velocity will be produced ? Ana, 7. 

12. Two bodies start from a condition of rest and move towards 
each other under the iuflaenoe of their matual attraction (gg 7 and 
98). The first has a mass of 1 g. ; the second, a mass of 100 g. The 
force of attraction is ^^ dyne. What will be the velocity acquired 
by each during one second ?./,,, ^ ,,^ . , , ., 

^f^3. Laws of Motion. — The following propositions, 
'^^ known as Newton's Laws of Motion^ are so important and 

BO famous in the history of physical science that they 

ought to be remembered by every student : 

/ (IJ Every body continxtes in its state of rest or 
of uniform motion in a straight line 
unless compelled to change that state hy 
an external force, 

(2.) Every m/otion or change of motion is in the 
direction of the force im^pressed and is 
proportionate to it. 

(3 J Action and reaction are equal and opposite 
in direction. 

73. The First Law,— The first law of motion re- 
sults directly from inertia (§ 38). It is impossible to 
famish perfect examples of this law because all things 
within our reach or observation are acted upon by some 
external force. A base-ball when once set in motion has 
no power to stop itself (§ 38, a). If it moved in obe- 
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dience to the muscular impulBe only, its motion would be 
in a straight Hue ; but the force of gravity is ever active, 
and consttuitly turns it from that line, aud forces it to 
more in a graceful curve instead. 

74. Centrifugal Force.— Although it ia obviously 
impossible to give any direct experimental proof of the first 



Fig. 7. 

law of motion, we see many illustrations of the tendency 
of moving bodies to move in straight lines even when 
forced to move in curved lines. A curved line may be 
considered a series of infinitely small straight lines. A 
body moving in a curve has, by virtue of its inertia, a 
tendency to follow the prolongation of the small straight 
line in which it chances to be moving. Such a prolonga- 
tion becomee a tangent to the curve, to move in which a 
body must fly further from the centre. This tendeneg 
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of matter to move in a straight line, and, conse- 
quenUy, further away from the centre around 
which it is revolidng, is called Centrifugal Force, 
from the Latin words which mean to fly from the centre. 
The "laws'' of this "centrifugal force" may bo studied 
or illustrated by the whirKng4aUe and accompanying 
apparatus^. represented in Figure 7. (See § 77.) 

75. Caution, — It is to be noticed that this so-called 
*' Centrifugal Force" is not a force at all. It is 
simply inertia manifested under special conditions. It is 
one of the uniyersal properties of matter by virtue of 
which the body shows a decided determination to obey 
the first law of motion. The facts of the case are the 
direct opposite of those implied by this ill-chosen name. 
Take a common sling, for instance. The implicatwn made 
by the term, " Centrifugal Force," is that the pebble in the 
revolving sling has a natural tendency to continue moving 
in a circle, and that some external force is necessary to 
overcome that tendency. The truth is that the natural 
tendency of the pebble is to move in a straight line, and the 
only reason that it does not thus move is that it is continu- 
ally forced from its natural path by the pull of the string. 
As soon as this external force is removed, by intent or 
accident, away flies the stone in obedience to its own law- 
abiding tendencies. 

76. Simply Sviggestive.— Examples and effects of 
this so-called centrifugal force may be suggested as follows: 
Wagon turning a corner, railway curves, water flying from 
a revolving grindstone, broken fly-wheels, spheroidal form 
of the earth, erosion of river-beds, a pail of water whirled 
in a vertical circle, the inward leaning of the circus-horse 
and rider, the centrifugal drying apparatus of the laundry 
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or sngar refinery, difference between polar and equatorial 
weights of a gi^en mass^ etc. 

77. Note, — ^Mathematical formal^ for measuring the force 
necessary to overcome this tendency of matter to move away from 
the centre around which it may be revolving, or, as it is generally 
expressed, for measuring the centrifugal force, may be found in the 
Appendix. It is sufficient here to mention that this force varies 
directly as the mass and as the square of the velocity, the radius 
remaining the same ; doubling the mass doubles the force needed, 
but doubling the velocity quadruples the needed restraining force. 

78. The Second Law. — The second law of motion 
is sometimes given as follows: A given force tviZl pro- 
duce the same effect whether the body on which it 
dcts is in motion or at rest ; whether it is acted on 
ly that force alone or by others at the same time. 

(a.) Many attempts have been made to show that these are only 
two ways of stating the same proposition ; most of them are more 
perplexing than profitable. In the law as given by Newton (§ 72), 
the word motion is doubtless used in the sense of momentvm. If the 
substitution of " momentum " for " motion " makes the reconciliation 
any easier, no objection can be made to the substitution. 

79. Resultant Motion.— Motion produced by 
the joint action of two or more forces is called 
resultant motion. 

The point of application, direction, and magnitude of 
each of the acting forces being given, the direction and 
magnitude of the resultant force are found by a method 
known as the composition of forces. 

80. Composition of Forces.— Under composi- 
tion of forces, three cases may arise : 

(1.) When the given forces act in the same direc- 
tion. The resultant is then the sum of the given 
forces. Example : Bowing a boat down stream. 
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(2,) When the given forces act in opposite di^ 
rections. The resultant is then the difference 
between the given forces. Motion will be pro- 
dnced in the direction of the greater force. Ex- 
ample : Bowing a boat up stream. 

(8.) WTien the given forces act at an angle. The re- 
sultant is then ascertained by the parallelogram of 
forces. Example : Bowing a boat across a stream.. 

81. Graphic Representation of Forces.— 

Forces may he represented by lines, the point of 
application determining one end of the line^ the direc- 
tion of the force determining the direction of the line, 
and the magnitude of the force determining the length 
of the line. 

(a.) It will be noticed that these three elements of a force (§ 65) 
are the ones that precisely define a line. By drawing the line as 
above indicated, the units of force being numerically equal to the 
units of length, we have a complete graphic representation of the 
given force. The unit of length adopted in any such representation 

may be determined by convenience; 
ji but the spale once determined, it 

must be adhered to throughout the 

problem. Thus the diagram rep- 

>. resents iwo forces applied to the 

point B. These forces act at right 
angles to each other. The arrow- 

> heads indicate that the forces rep 

Fig. 8. resented act from B toward A and 

C respectively. Tlie force that 
acts in the direction BA being 20 pounds and the force acting in the 
direction BC being 40 pounds, the line BA must be one-half as 
long as BC. The scale adopted being 1 mm, to the pound, the 
smaller force will be represented by a line 2 em, long, and the greater 
force by a line 4 em. long. 

(&.) The graphic determination or representation of the resultant 
in the first two cases under the " Composition of Forces " is too 
simple to need any explanation. 
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I 

83. Parallelosrrain of Forces.— In the diagrami 
let AB and AC represent S 

two forces acting upon the 
point A. Draw the two 
dotted lines to complete the 
paraUelogram. From A^ the 
point of application^ draw ^^fig 

the diagonal AD. This 

diagonal will he a complete graphic representa- 
tion of the resultant. In such cases the two given 
forces are called components. The resultant of any two 
components may always be determined in this way. If 
two forces^ such as those I'epresented in the diagram^ act 
simultaneously upon a body at A, that body will move 
over the path represented by AD, and come to rest at D. 

{a,) Suppose that instead of acting eimultaueoaslj, these forces 
act successively. If AG act first for a given time, it would move the 
body to C. If then the other force act for an equal time it would 
move it to the right a distance represented by AB or its equal CD, 
and the body be left at D as before. If the force represented by AB 
acted first and the force represented by AC then acted for an equal 
time, the body would evidently be left at D. Thus we see that these 
two forces produce the same effect whether they act simultaneoi^ly 
or successively. ♦ ' ' ^ 

83. Experimental Verification.— This prin- 
ciple of the parallelogram of forces may be verified by 
the apparatus represented in Pig. 10. ABCD is a very 
light wooden frame, jointed so as to allow motion at its 
four comers. The lengths of opposite sides are equal ; the 
lengths of adjacent sides are in the ratio of two to three. 
From the corners B and C, light, flexible silk cords pass 
over the pulleys M and N, and carry weights, W and w, 
of 90 and 60 ounces respectively, the ratio between the 
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veigtits being the same aa the ratio between tbe corres- 
ponding adjacent sides of the wooden parallelogratn. A 
weight of 120 ounces is hnng fix}m J;he ctomer A. When 
.the wooden frame cornea to rest it will be found that the 
sides AB and AC lie in the direction of the cords which 
fomi their prolongations. These sides AB and AG ' are 
accurate graphic representations of the two forces acting 
npbn the point A. It will be further found that the 
diagonal AD is vertical and twice as long as the side AC. 
Since the ode AC represents a force of 60 ounces, AD will 
represent a force of twice 60 onnces or 120 onnoes. We 
thus see that AD fairly represents the resultant of the 
two forces due to the gravity of W and ro, for this result* 
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Fig. II. 



ant is equal, and opposite to the vertical force which. is 
due to the gravity of V, and this balances the forces repre- 
sented by AB and AG. Besults equally satisfactory will 
be secured as long as AB : AG :: W : «;• 

84, A Substitute. — Very satisfactory results may 
be had by simpler apparatus. Let H 
and E represent two pulleys that work 
with very little friction. Fix them to a 
vertical board. The blackboard will 
answer well if the pulleys can be at- 
tached without injury. Three silk cords 
are knotted together at ; two of them 
pass over the pulleys; the three* cords 
carry weights^ P^ Q> and B^ as shown in 
the figure. B must be less than the 
sum of P and Q. When the apparatus has come to rest, 
take the points A and B so that AO : BO : : P : Q. Com- 
plete the parallelogram AOBD by drawing lines upon the 
vertical board. Draw the diagonal CD. It will be found 
by measurement that AO : OD : : P : E; or that BO : OD 
: : Q : B. Either equality of ratios affords the verification 
sought 

"95. Determination of the Value of the 
Resultant. — ^With a carefully-constructed diagram (only 
half of the parallelogram need be actually drawn) the re- 
sultant may be directly measured and its value ascertained 
from the scale adopted. The value and direction of the 
resultant may be found trigonometrically, without actual 
construction of the diagram^ when the angle between the 
directions of the components is known. In one or two 
caseS; however^ the mathematical solution is easy without 



FORCE AND MOTION, 39 

the aid of trigonometrioal formulsd. When the com- 
ponents act at right angles to each other^ the resultant is 
the hypothenuse of a right-angled triangle. (See 0lney*8 
Geometry y paragraph 346.) When the components are 
equal and include an angle of 120% the resultant divides 
the parallelogram into two equilateral triangles. It is 
equal to either component^ and makes with either an angle 
of 60^. (Let the pupil draw such a diagram.) 

86. Equilibrant* — A force whose effect is to 
balance the effects of the several components is 
called an equilibrant. It is numerically equal to the 
resultant^ and opposite in direction. Thus in Fig. 10^ the 
gravity of the weight V is the equilihrant of W and w ; 
it is equal and opposite to the resultant represented by 
AD. 

87. Triangle of Forces.— By reference to Fig. 9, 
3 it will be seen that if AG represent the magnitude and 

direction of one component, and CD the magnitude and 
direction of the other component, the line AD, which 
completes the triangle, will represent the direction and 
intensity of the resultant. Where the point of application 
need not be represented, this method of finding the rela- 
tive magnitudes and directions is more expeditious than 
the one previously given. If the line which completes the 
. triangle be measured from D to A, that is to say, in the 
order in which the components were taken, it represents 
the equilibrant; the arrow-head upon AD should then 
be turned the other way. If this line be measured from 
A to D, that is, in the reverse order, it represents the 
resultant. 



40 



FORCE AND MOTTOTf. 



. 88. Composition of More than Two 
Forces. — If more than two forces act upon the point of 
application^ the resultant of any two may be combined 
with a third, their resultant with a fourth, and so on. 
The last diagonal will represent the resultant of all the 
given forces. Suppose that four 
forces act upon the point A, as 
represented in the diagram. By 
compounding the two forces AB 
and AC, we get the partial re- 
sultant, Ar; by compounding 
this with AD, we get the second 
partial resultant, Ar'; by com- e^ 
pounding this with AE, we get 
the resultant, AR 




Fig. 12, 




89. Polygon of Forces. — This resultant may be 
. more easily obtained by the polygon of forces. If a num- 
ber of forces be in equilibrium, 
they may be graphically repre- 
sented by the sides of a closed 
polygon taken in order. If the 
forces are not in equilibrium, the 
lines representing them in magni- 
tude and direction will form a 
fignre which does not close. The line that completes the 
figure and closes the polygon will, when taken in the same 
order, indicated by the arrow-head at x, represent the 
equilibrant ; when taken in the opposite order, indicated 
by the arrow-head at Zy it will represent the resultant. 
This will be evident from a comparison of the diagram with 
the one preceding, the forces compounded being the same. 
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90. Parallelopiped of Forces.— The compoDent 

forces may not all act in the 
same plane^ but the method of 
composition is still the same. 
In the particular case of three 
such forces it will be readily 
seen that the resultant of the 

Pj^ * forces AB, AC, and AD is rep- 

resented by AB) the diagonal 
of the parallelopiped constructed upon the lines represent- 
ing these forces. 

91. Resolution of Forces. — The operation of 
finding the components to which a given force is 
equivalent is called the resolution of forces. 

It is the converse of the composition of forces. Eepre- 
sent the given force by a line. On this line as a diagonal 
construct a parallelogram. An infinite number of such 
parallelograms may be constructed with a given diagonal 
When the problem is to resolve or decompose the given 
force liito two or more components having given directions^ 
it is definite — only one construction being possible. The 
sides that meet at the point of application will represent 
the component forces. 

93. Example of Resolution of Forces.— As 

we proceed we shall find more than one example of the 
resolution of forces. A single one will answer in this 
place. It is a familiar fact that a sail-boat may move in a 
direction widely different from that of the propelling wind, 
and that, under such circumstances, the velocity of the 
boat is less than it would be if it were sailing in the direc- 
tion of the wind. The force due to the pressure of the 
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wind is twice resolyed^ and only one of the components 
is of use in urging the boat forward. In Figure 15, 

let KL represent the keel of the 
boat ; BCy the position of the sail ; 
and^^, the direction and intensity 
of the wind. In the first place, 
when the wind strikes the sail thus 
placed, it is resolyed into two com- 
ponents — BC parallel to the sail, and 
BD perpendicular to the saiL It is 
evident that the first of these is of 
no effect. But the boat does not move in the direction of 
BDy which is, in turn, resolved by the action of the keel 
and rudder into two forces, BL in the direction of the 
keel, and BE perpendicular to it. The first of these prOf 
duces the forward movement of the boat ; the second 
produces a lateral pressure or tendency to drift, which is 
more or less resisted by the build of the boat 

1 93. The Third Law.— Examples of the third law 
of motion are very common. When we strike ah egg 
upon a table, the reaction of the table breaks the egg; the 
action of the egg may make a dent in the table. The re- 
action of the air, when struck by the wings of a bird, 
supports the bird if the action be greater than the weight. 
The oarsman urges the water backward with the same 
force that he urges his boat forward. In springing from 
a boat to the shore, muscular action tends to drive the 
boat adrift ; the reaction, to put the passenger ashore. 

94. Reaction in Non-elastic Bodies.— The 

effects of action and reaction are modified largely by 
elasticity, but never so as to destroy their equality. Hang 
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two clay balls of eqnal maea hj striogs of eqaal len^s 

so that they will just touch each other. If one be drawn 

aside and let fall against 

the other, both will move 

forward, but only half as 

far as the first woaM had 

it met no re^stance. The 

gmn of momentum by the 

second is due to the action 

of the first It is eqoal 

to the loss of momentum 

by the first, which loss ia 

due to the reaction of the 



95. Reaction In 
Elastic Bodies.— If 

two ivory balls, which are 
elastic, be smilarly placed, 
and the experiment re- 
peated, it will be found pio. i6. 
that the first ball will give 

the whole of its motion to the second and remain still 
after striking, while the second will swing as far as the 
first would have done if it bad met no reaist&nce. In this 
case, as in the former, it will be seen that the first ball 
loses just as much momentum as the second gains. 

96. Reflected MoUon.Sefieeted motion U 
the tnotion produced by the reaction of a surface 
when struck hy a body, either the surface, or the 
body, or both being elastic. 

A ball rebounding &om the wall of a house, or &om the 
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cnshion of a billiard-table, ie an esample of reflected 



motioQ. 



97. liAw of Reflected Motion,— The angle in- 
cluded between the direction of the moving body before it 
strikes the reflecting surface and a perpendicular to that 
snrface dravn from the point of contact, is called the angle 



Fig. 17. 

of incidence. The angle between the direction of the . 
moving body after striking and the perpendicular, is called 
the angle of reflection. The angle of incidenee is 
equal to the angle of reflexion, and lies in the 
same plane. A ball shot from A will be reflected at B 
back to C, making the angles ABD and CBD equaL 

, EXEBCI8E3. {Answerg to he wriiten.) 

1. BepregeDt graphicallj the reBnltant of two torcea, lAO and ISO 
poands Mspectively, eierted by two men pulling a weigbt in the 
BBme direction. Determine its valae. i 

2. In eimilBT manner, represent the resultant of tha same forces 
when the men pull in opposite direirtions. Determine ite value. 

8. Snppose an attempt be made lo row a boat at the rate of fonr 
miles an hour directly acroaa a stream flowing at the rate of three 
miles an honr. Determine the direction and velocity of the Iwat. '_' 

4. A ball falls 64 feet ftom the most of a moving ship to the 
deck. Dnring the time of the fall, the ship moved forward 34 ft. 
Represent the actual path of the ball. Rnd Its length, 

G. A B^Ior climbs a mast at the rate of 8 ft. a second ; the ship It 
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Buling at the rate of 12 ft. a second. Over what space does h0 

actually move duiing 20 seconds ? 

« C 6Xa foot-ball simultaneously receives three horizontal blows ; one 

f^nfsm the north having a force of 10 pounds; one from the east having 

\r a force of 15 pounds, and one fipm the south-east having a force 

of 804 kinetic units. Determine the direction of its motion, y yV 

7. Why does a cannon recoil or a shot-gun " kick " when fired ? 
Why does not the velocity of the gun equal the velocity of the shot? 

8. If the river mentioned in the third problem be one mile wide, 
how far did the boat move, and how much longer did it take to cross 
than if the water had been still ? 

9. A plank 12 feet long has one end on the floor and the other end 
raised 6 feet. A 60-pound cask is being rolled up the plank. Resolve 
the gravity of the cask into two components, one perpendicular to 
the plank to indicate the plank's upward pressure, and one parallel 
to the plank to indicate the muscular force needed to hold the cask 
in place. Find the magnitude of this needed muscular force. 



Recapitulation. — To be amplified by the pupil for 



review. 
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x^Section n. 

GRAVITATION. 

98. What is Gravitation ?—^i;ery partide of 
matter in the universe has an attraction for 
every other particle. This attractive force is 
called gravitation, 

99. Three Important Facts.— In respect to 
gravitation, three important facts have been established : 

(1.) It acts instantaneously. Light and electricity 
require time to traverse space ; not so with this 
force. If a new star were created in distant 
space, its light might not reach the earth for 
hundreds or thousands of years. It might be in- 
visible for many generations to come, but i\&puli 
'^ would be felt by the earth in less than the twink- 
ling of an eye. 

(2.) It is unaffected by the interposition of any 
siibstance. During an eclipse of the sun, the 
moon is between the sun and the earth. But 
at such a time, the sun and earth attract each 
other with the same force that they do at other 
times. 

(3.) It is independent of the kind of matter, but 
depends upon the quantity or mass and 
the distance. We must not fall into the error 
of supposing that mass means size. The planet 
Jupiter is about 1300 times as large as the earth, 
but it has only about 300 times as much matter 
because it is only 0.23 as dense. 
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100. Laws of GraTltation,— (1.) Oravitation 
varies direcUy as the mass. 

(2.) Gravitation varies inversely as the square 
of the distance (between the centres of gravity. § 107). 

For example^ doubling the mass, doubles the attraction ; 
doubling the distance^ quarters the attraction ; doubling 
both the mass and distance will halve the attraction. 
Trebling the mass will multiply the attraction by three; 
trebling the distance will divide the attraction by nine; 
trebling both the mass and distance will divide the attrac- 
tion by three ( gi = 3 ) • 

101. Equality of Attraction. — The force 
exerted by one body upon a second is the same 
a^ that exerted by the second upon the first. 

The earth draws the falling apple with a force that gives 
it a certain momentum; the apple draws the earth with an 
equal force which gives to it an equal momentum. The 
momenta are equal ; the velocities are noi Why not ? 

103. GraTity. — ^The most familiar illustration of grav- 
itation is the attraction between the earth and bodies 
upon or near its surface. This particular form of 
gravitation is commonly called gravity; its measure is 
weight ; its direction is that of the plumb-line, vertical. 

103. Weight.— Weight, like gravity, the force of 
which it is the measure, varies directly as the mass, 
and inversely as the square of the distance. This 
distance is to be measured between the centres of gravity 
of the earth and of the body weighed. When we ascend 
from the surface there is nothing to interfere with the 
working of this law ; but when we descend from the suiface 
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we leave behiiid us particles of matter whose attraction 
partly counterbalances that of the rest of the earth. 

104. An Example. — Consider the earth's radius 
to be 4,000 miles, and the earth's density to be uniform. 
At the centre, a body, whose weight at the surface is 
100 pounds, would be attracted in every direction 
with equal force. The resultant of these equal arid oppo- 
site forces would be zero, and the body would have no 
weight. At 1,000 miles from the centre, one fourth of the 
distance to the surface, it would weigh 25 pounds, one- 
fourth the surface weight; at 2,000 miles' from the centre, 
50 pounds ; at 3,000 miles from the centre, 75 pounds ; at 
4,000 miles from the centre, or the surface distance, it 
would weigh 100 pounds or the full surface weight If 
carried up still further, the weight will decrease according 
to the square of the distance. At an elevation of 4,000 
miles above the surface (8,000 miles from the centre) it 
will weigh 25 pounds, or one-fourth the surface weight. 

105. Law of Weight. — Bodies weigh most at 
the surface of the earth. Below the swrfojce, the 
vjeight decreases , as the distance to the centre de- 
creases. Jbove the surfoyce, the weight decreases as 
the square of the distance from the centre in- 
creases. 

106. Formulas for Gravity Problems.— 

Representing the surface weight by W and the surface dis- 
tance (4,000 miles) by D, the other weight by w, and the 
other distance from the earth's centre by rf, the above law 
may be algebraically expressed as follows: 

Below the earth's surface : w : W :: d : D. 
Above the earth's surface : w : W :: B^t d^. 
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Exercises. 

1. How far below the Buifaoe of the earth will a ten-poand ball 
weigh onl7 four ponnds ? 

Solution. 

Formula : w : W::d:D. 

Substituting; 4 : 10 :: d : 4000 

10d=ieOOO 
({=:1600 miles from centre. 
4000-1600=2400 miles below the sarface.-^^n«. 

2. What would a hodj weighing 550 lbs. on the surface of the 
earth weigh 3,000 miles below the surface? Ans. 137} lbs. 

8. Two bodies attract each other with a certain force when thej 
are 75 m. apart. How many times will the attraction be increased 
when they are 50 w. apart ? Ans, 2 J. 

4. Given three balls. The first weighs 6 lbs. and is 25 ft. distant 
from the third. The second weighs 9 lbs. and is 50 ft. distant from 
the third, (a) Which exerts the greater force upon the third? 
(p) How many times greater ? Ans, {. 

5. A body at the earth's surface weighs 900 pounds ; what would 
it weigh 8,000 miles above the surface ? 

6. How far above the surface of thB earth will a pound avoirdupois 
weigh only an ounce? 

7. At a height of 3,000 miles above the surface of the earth, 
what would be the difference in the weights of a man weighing 200 
lbs. and of a boy weighing 100 lbs. ? 

8. find the weight of a 180 lb. ball (a) 2,000 miles above the 
earth's surface ; (5) 2,000 miles below the surface. 

9. {a) . Would a 50 lb. cannon ball weigh more 1,000 miles above 
the earth's surface, or 1,000 miles below it ? (h) How mach ? 

10. If the moon were moved to three times its present distance 
from the earth, what would be the effect (a) on its attraction for 
the earth ? (&) On the earth's attraction for it ? ~ , 

11. How far-bel9w the surface of the earth must an avoirdapois 
pound weight be placed in order to weigh one ounce ? 

12. How far above the surface of the earth mast 2,700 pounds be 
placed to weigh 1,200 pounds ? jAns, 2,000 miles. 

107. Centre of Gravity.'— me' centre of grav- 
itj/ of a body is the point about which all the 
matter composing the body may be balanced. 
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The force of gravity tends to draw every particle of 
matter toward the centre of the earthy or downward in a 

vertical line. We may therefore 
consider the effect of this force 
upon any body as the sum of an 
almost infinite nnmber of paral- 
lel forces, each of which is acting 
upon one of the molecules of 
which that body is composed. 
We may also consider this sum 
of forces, or total gravity, as 
acting upon a single point, just 
as the force exerted by two 
horses harnessed to a whifSe- 
tree is equivalent to another force (resultant) equal to the 
sum of the forces exerted by the horses, and applied at a 
single point at or near the middle of the whifl&e-tree. 
This single point, which may thus be regarded as the 

point of application of the 
force of gravity acting upon a 
body, is called the centre of 
gravity of that body. In other 
words, the weight of a body 
may be considered as concen- 
trated at the centre of gravity- 

108. How to find the 
Centre of Gravity. — In 

a freely moving body, the cen- 
tre of gravity will be brought 
as low as possible, and will, 
therefore, lie in a vertical line 
Fig. ig. drawn through the point of 
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support This fact affords a ready means of determining 
the centre of gravity experimentally. 

Let any irregularly shaped body^ as a stone or chair, be 
suspended so as to move freely. Drop a plumb-line fix)m 
the point of suspension, and make it fast or mark its direc-* 
tion. The centre of gravity will Ue in this line. From a 
second point, ndt in the line already determined, suspend 
the body; let fall a plumb-line as before. The centre of 
gravity will lie in this line also. But to lie in both lines, the 
centre of gravity must lie at their intersection. (Fig. 19.) 

109. May be Outside of the Body.— The cen- 
tre of gravity may be outside of the matter of which a 
body consists, as in the case of a ring, hollow sphere, box, 
or cask. The same tact is illustrated by the '^ balancer," 

represented in the figure. The centre 
of gravity is in the line joining the 
two heavy balls, and thus under the 
foot of the waltzing figure. But the 
point wherever found will have the 
same properties as if it lay in the mass 
of the body. In a freely falling body, 
no matter how irregular its form, or 
how indescribable the curves made by 
any of its projecting parts, the line of 
direction in which the centre of grav- 
ity or point of application moves will 
be a vertical line (§ 66 [2] ). 

Fig. 2o. 110. Equilibriuiu.— Inasmuch 

as the centre of gravity is the point at 
which the weight of a body is concentrated, when the 
centre of gravity is supported, the whole hody wiM 
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rest in a state of equilibrium. The centre of gravity 
will be supported when it coincides with the point of sap- 
portj or is in the same veiiical line with it. 

111. Stable Equilibrium.—.^ body supported 
in such a way that, when slighUy displaced from 
its position of equilibrium, it tends to return 
to that position, is said to be in stable equilir- 
brium. Such a displacement raises the centre of grav- 
ity. Examples: a disc supported above the centre; a 
semi-spherical oil-can; a right cone placed upon its 
base ; a pendulum or plumb-line. The cavalry-man 
represented in Fig. 21^ is in stable equilibrium^ and 
may rock up and down, 
balanced upon his horse's 
hind - feet, because the 
heavy ball brings the cen- 
tre of gravity of the com- 
bined mass below the 
points of support. The 
*^ balancer'' (Fig. 20) af- 
fords another example of 
stable equilibrium. 

113. Unstable Equi- 
librium. — J. body sup- 
ported in such a way that, when slightly dispkiced 
from its position of equilibrium,, it tends to fall 
further from; that position, is said to be in unstable 
equilibrium. Such a displacement lowers the centre of 
gravity. The body will not come to rest until the centre 
of gravity has reached the lowest possible point, when it 
will be in stable equilibrium. Examples: A disc sup- 
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ported below ite centre ; a right cone placed on its apex ; 
an e^ standing on its end; or a stick balanced upright 
apon the finger. 

113. Nentral Equilibrimn.— .^ hody supported 
in such a way that, when displaced from its 
position, of egmUhrium, it tend.8 neither to return 
to its former position nor to faU further from it, 
is said to be in neutral or indifferejit equilibrium'. 
Sach a displacemeat neither raises nor lowers the centre 
of gravity. Examples : A disc supported at its centre ; a 
sphere resting on a horizontal snrface > a right cone rest- 
ing on its side. 

(a.) In the occompBDjiDg figure M, N aud O represent three coneg 

M placed respectively 

In theae three con. 

ditioDB of equili- 

biinm. The letter 

I g shows the pod- 

' tlon of the centre 

of gr«^itj In each. 

If ft body have 

two ormore points 

tiG. as- of support lyingin 

the same straight line, the body will tie in neutral, stable or unstable 

eqnilibriuTn according as the centre of gmvlty lies in tliis line, is 

directly below It or above It 

114. Line of Direction. — .4 vertical line drawn 
doiimward from, the centre of gravity is caUed the 
line of direction. As we have seen, it represents the 
direction in which the centre of gravity would move if 
the body were tinsnpported. It may be considered as a 
line coonecting the centre of gravity of the given hody 
and the centre of the earth. 

115. The Base, — The side an which a body 
rests is called its base. If the body be supported on 
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legs, as a chair, the hase is the polygon formed b; joining 
the points of support. 

116. Stability. — WTien the line of direction 
ftHZs within the base, the body stands ; when with- 
out the base, the body faUs. 

In the case of the tower represeated in Fig, 33, if the 
upper part be removed, the Une of direction tfill be as ■ 
shown by the left hand dotted line. It iaiia within the 
base, and the tower stands. When the upper part is fast- 
ened to the tower, the line of direction is represented by 
the right band dotted line. This fiills 
without the base, and the tower falls. 
The stability of bodies is measured 
by the amount of work necessary to 
overturn tbem. This depends upon 
the distance that it is necessary to 
raise the centre of gravity (equivalent 
to raising the whole body), that the 
line of direction may fall without the 
base. When the body rests upon a 
point, as does the sphere, or upon a ' yig 23 
line, as does the cylinder, avery slight 
force is sufficient to move it, no elevation of the centre of 
gravity being necessary. The broader the base, and the 
lower the centre of gravity, the greater the stability, 

117. niustrations of Stability.— Let the Ggare 
represent the vertical section of a brick placed upon its 
side, its position of greatest 

stability. In order to stand 
the brick upon its end, ff, the 
centre of gravity must pass 
over the edge c. That is to 
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say, the centre of gravity must be raised a distance eqoal 
to the difference hetween ga and gc, or the distance ne. 
Bat to lift ^ this distance is the same a« to lift the whole 
brick vertically a distance equal to nc. Now draw similar 
fignres for the brick when placed upon its edge and upon 
its end. In each case make gn eqoal to ga, and see that 
tiie Talno of ne decreases. But nc represents the distance 
that the brick, or its centre of gravity, mast be raised 
before the line of direction can fall without the base, and 
the body be OTertamed. To lift the brick, or its centre of 
gravity, a small distance involrea less work than to lilt it 
a greater distance. Therefore, the greater the yalae of nc, 
the more work required to overtarn the body, or the 
greater its stability. Bat this greater value of nc evidently 
depends npon a larger base, a lower position for the centre 
of gravity, or both. 



Fig. 25. 

(a.) Theee facta eiplftin the slabiUty of leaning towers Itke tlioae 
of PisB and Bolo^a. In some snch towers the centre of gravity 
ij lowered b j nsiog heavy materiaJH for the lower part and light - 
maleiisls for the tipper part of the structure. It is difficult to Btaud 
^)on one foot 01 to walk upon a tight rope becaiue of the amaUnsSB 
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of the t»6e. A porter carrying a pack is obliged to lean forward ; 
a man carrying a load in one hand is obliged to lean away from the 
load, to keep the common centre of gravity of man and load over 
the base formed by joining tUe extremities of his feet Why does a 
person stand less firmly when his feet are parallel and close together 
than when they are more gracefully placed ? Why can a child walk 
more easily with a cane than without ? Why will a book placSed on 
a desk-lid stay there while a marble would roll off? Why is a ton 
of stone on a wagon less likely to upset than a ton of hay similarly N/* 
placed? 

Exercises. 

Explanatory HoU. — The first problem in the table below may be 
read as follows : What will be the weight of a body which weighs 
1200 pounds at the surface of the earth, when placed 2000 miles 
below the surface ? When placed 4000 miles above the surface ? 
(Radius of earth =4000 miles.) All of the measurements are from 
the surface. 




9 & 


Bklow Subfacx. 


At Subfacx. 


Aboyx Subface. 


|l 


PomidB. 


Miles from 
Sarflice. 


PoondB. 


Pounds. 


Miles trova 
Sor&ce. 


1 


? 


• 

2000 


1200 


? 


4000 


2 


300^ 


? 


1200 


688i 


? 


8 


? 


3000 


800 


? 


6000 


4 


? 


1000 


150 


? 


1000 


5 


100 


? 


400 


100 


? 


6 


26D 


8000 


? 


? 


4p00 


7 . 


i\A 


^ 1900 


? 


32 


aood 


8 


12i 


? 


100 


%i 


* ? 


9 


? 


3250 


480 


? 


2C00 


.10 


00 


? 


450 


50 


? 


: 11 


100 


9 

• 


2S6 


? 


12000 


12 


201.6 


2600 


? 


16 


? 


13 


256 


' ? 


? 


40.06 


16000* 


14 


20250 


? 


824000 


9000 


? . 


15 


? 


3200 


? 


1280 


9000 
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Becapitulation.— In this sectiou we have considered 
Gravitation ; Facts concerning it ; its Law ; 
Gravity ; Weight ; La^v of Weight ; Centre 
of Gravity; Equilibrium and Stability of 
Bodies. 
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FALLING BODIES. 

118. A Constant Force. — The tendency of force 
is generally to produce motion. Acting on a given mass 
for a giyen time, a given force will produce a certain 
velocity. If the same force acts on the same mass for 
twice the time it will produce a double velocity. A force 
which thus continues to act uniformly upon a 
body, even after the body has begun to move, is 
called a constant force. The velocity thus produced 
is called a uniformly accelerated velocity. If a constant 
force gives a body a velocity of 10 feet in one second, it 
will give a velocity of 20 feet in two seconds, of 30 feet in 
three seconds, and so on. The force of gravity is a con- 
stant force and the velocity it imparts to the falling body 
is a uniformly accelerated velocity. 

119. Velocities of Fallinsr Bodies.— If a 

feather and a cent be dropped from the same height, the 
cent will reach the ground first. This is not because the 
cent is heavier, but because the feather meets with more 
resistance from the air. If this resistance can be removed 
or equalized, they will fall equal distances in equal times. 
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or will Ml vith the same velocity. Ttus resiHtance may 
be avoided by trying the experi- 
ment in a glass tube from which 
the air haa beea removed. The r&- 
Bistance may be nearly equalized by 
making the two falling bodies of 
the same size and shape but of dif- . 
fcrent weights. Take an iron and 
a wooden ball of the same size, drop 
them at the same time fh>m an 
upper window, and notice that they 
will strike the ground at sensibly 
the same time. 

130. Reason of this Equal- 
ity. — The cent is heavier than the 
feather and is therefore acted npon 
by a greater force. The iron ball 
has the greater weight, which shows 
that it is acted upon by a greater 
force than the wooden ball. But 
F,Q, 26. ^his greater force has to move a 

greater mass, has to do more work 
than the lesser force. For the greater force to do the 
greater worh requires as much time as for the 
lesser force to do the lesser ivork. The working force 
and the work to be done increase in the same ratio. A 
regiment will march a mite in no less time than a single 
soldier wonld do it ; a thousand molecules can fall no fur- 
ther in a second than a single molecule can. 

131. Galileo's Device. — ^To avoid the necessity 
for great heights, and the interference of rapid motion 
with accurate observations, Galileo used an inclined 




FALLING BODISS. 69 

plane, consisting of a long raler having a grooved edge, 
down which a heavy ball was made to roll. In this way 
he reduced the yelocity, and diminished the interfering 
resistance of the atmosphere without otherwise changing 
the' nature of the motion. 
Let AB represent a plane so 
inclined that the Telocity of 
a body rolling ih>ni B toward 
A will be readily ohserrable. 
Let G be a heavy ball. The 
gravity of Ihe ball may be 
represented by the vertical 

line CD. Bot CD may be resolved into OF, which repre- 
sents a force acting perpendicular to the plane and pro- 
ducing pressure upon it but no motion at all, and CE, 
which represents a force acting parallel to the plane, the 
only force of any effect in producing motion. It may be 
shown geometrically that 

EO:OD::Ba:BA. {Olnei^s Oemnetry, Art Ml.) 
By reducing, therefore, the inchnation of the plane wo 
may reduce the magnitude of the motion producing com- 
ponent of the force of gravity and thus reduce the Telocity. 
This will not affect the laws of the motion, that motion 
being changed only in amount, 
not at a,ll in character. 

133. Attwood's Device. 

— ^Fgr the purpose of lessening 
the Telocity of &lling bodies 
vritfaont changing the character 
of the motiou, Mr. Attwood 
derised a machine which has Fra. ss. 
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taken bis name. Att~ 
wood's machine coDeiBts 
esaentially of a wheel 
B, about six inches 
in diameter, over the 
grooved edge of which 
are balanced two eqaal 
weights, suspended by 
along dlk thread, which 
is both light and strong. 
The axle of this wheel 
is supported upon the 
circmnferences of four 
friction wheels, r, r, r, r. 
for greater delicacy d 
motion. As the thread 
iB BO light that its 
weight may be disre- 
garded, it is evideDt 
that the weights will be 
in equilibrium whatever 
their position. 

This apparatus is sup- 
ported upon a wooden 
pillar, seven or ei^t feet 
high. The silk cord 
carrying K, one of the 
weighte, puses in front 
of a graduated rod 
which carries a movable 
ring B, and a moyable 
platform A. At the t«p 
of the pillar is a pUte n. 
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whicli may be fastened in a horizontal position for the 
support of K at the top of the graduated rod. This plate 
may also be dropped to a vertical position, thus allowing K, 
when loaded, to fall. A clock, with a pendulum beating 
seconds, serves for the measurement of time, and the drop- 
ping of the plate at the top of the pillar. A weight or 
rider, ?i7, is to be placed upon K, and give it a downward 
motion. Levelling screws are provided by means of which 
the graduated rod may be made vertical, and K be made 
to pass through the middle of B. 

(a.) Suppofle that K and K' weigh 316 grains each, and that the 
rider m weighs 10 grams. When m is placed upon K and the plate 
dropped by the action of the clock, the gravity of m causes the 
weights to move. We now have the motion of 640- grams produced 
by the gravity of only 10 grams. When this force (gravity) moves 
only 10 grams it wiU give it a certain velocity. When the same 
force moves 640 grams it has to do 64 times as much work, and can 
do it with only ^ the velocity. In this way we are able to give to 
E and m any velocity of fall tliat we desire. 

123. Experiments.— Arrange the apparatus by sup- 
porting K and m upon the shelf n. As the hand of the 
clock passes a certain point on the dial, 12 for example, 
the shelf n is dropped and the weights begin to move. By 
a few trials, B may be so placed that at the end of one 
second it will lift m from K, and thus show how far the 
weights fall in one second. Other experiments will show 
how many such spaces they will fall in the next second or 
in two seconds ; in the third second or in three seconds ; 
in the fourth second or in four seconds, etc. 

Suppose that B lifts off m at the end of the first second. 
The moving force being no longer at work, inertia will 
keep K moving with the same velocity that it had at the 
end of the first second. By placing A so that K will reach 
it at the end of the second second, the distance AB will 
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indicate the velocity with which K was moving when it 
passed B at the end of the first second. In a similar way 
the velocity at the end of the second^ third, or fonrth 
second may be found. 

1S4. Results.— Whatever the space passed over in the 
first second by the weights or the ball, it will be found 
that there is an uniform increase of velocity. Galileo found 
that if the plane was so inclined that the ball would roll 
one foot during the first second, it would roll three feet 
during the next second, five feet during the third, and so 
on, the common difference being two feet, or twice the dis- 
tance traversed in the first second. 

He found that under the circumstances supposed, the 
ball would have a velocity of two feet at the end of the 
first second, of four feet at the end of the next, of six feet 
at the end of the third, and so on, the increase of velocity 
during the first second being the same as the increase 
during aay subsequent second. 

He found that, under the circumstances suppose^, the 
ball would pass over one foot during one second, four feet 
during two seconds, and nine feet during three seconds, 
and so on. Similar results may be obtained with Att- 
wood's machine. 

126. Table of Results. — ^These results are gener- 
alized in the following table, in which t represents any 
given number of seconds : 

Nwnberof JS^MeeefaOen during Vdod&ea at fhs End Total Number <tf 
Seconds, each Second, <f each Second. Spaces fatten^ 

1 1 3 ..1 

2 8 4 4 

8 5 6 9 

- 4.... 7 8 16 

etc. etc. etc. etc. 
t,... SU-l 2* <» 

V 
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136. Unimpeded Fall.— By transferring matter 
from TSJ to K, the Telocity with which the weights move 
will be increased. When all of K' has been transferred to 
Ky the weights u/iU faU, in this latitude, 16.08 ft. 
or 4'9 nv. during the first second. 

K the plane be giv^n a greater inclination^ the ball will, 
of course, roll more rapidly and our unit of space will in- 
crease from one foot, as supposed thus fax, to two, three, 
four or five feet, and so on, but the number of such spaces 
will remain as indicated in the table above. By disre- 
garding the resistance pf the air, we may say that when 
the plane becomes vertical, the body becomes a freely 
falling body. Our unit of space has now become 16.08 ft. 
or 4.9 iru It will ikll this distance during the first second, 
three times this distance during the next second, five times 
this distance during the third second, and so on. 

127. Increnient of\e\oQlt^.—DuHng tJie first 
second the freely falling body wiU gain a velocity 
of 32.16 feet. It will make a like gain of velocity 
during each subsequent second of its fall. This distance 
is therefore called the increment of velocity due to gravity, 
and is generally represented by ^r = 32.16 ft. or 9.8 m. 

Ifote—Thia valae must not be forgotten. 

12d. Formulas for Falling Bodies.— If now we 

represent our space by \gy the velocity at the end of any 

second by v, the number of seconds by t, the spaces fallen 

each second by «, and fche total space fallen through by /S> 

we shall have the following formulas for freely falling 

bodies : 

(1.) v=igt or If X %U 

(2.) 5 = 1^(2^-1). 

(3.) s^yt\ 
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Y 129. Laws of Falling Bodies.— These formulas 
may be translated into ordinary language as follows : 

(1.) The Telocity of a fipeely falling body at the end of 
any second of its descent is equal to 32.16 ft. (9.8 m.) mul- 
tiplied by the number of the second. 

(2.) The distance traversed by a freely falling body 
during any second of its descent is equal to 16.08 ft. (4.9 m.) 
multiplied by one less than twice the number of seconds. 

(3.) The distance traversed by a freely-falling body 
during any number of seconds is equal to 16.08 ft. (4.9 m.) 
multiplied by the square of the number of seconds. 

130. For Bodies Boiling Down an Inclined 
Plane. — ^If the body be rolling down an inclined plane 
instead of freely falling, of course the increment of velocity 
will be less than 32.16 ft. The fohnulag above given may 
be made applicable by multiplying the value of g by the 
ratio between the height and length of the plane. 

131. Initial Velocity of Falling Bodies.-- 

We have been considering bodies falling from a state of 
rest, gravity being the only force that produced the motion. 
But a body may be thrown downward as well as dropped. 
In such a case, the effect of the throw must be added to 
the effect of gravity. It becopies an illustration of the 
first case under Composition of Forces (§ 80), the resultant 
being the sum of the components. If a body be thrown 
downward with an initial velocity of fifty feet per second, 
the formulas will become v = £t + 50 ; s == \i\2t — 1) 
+ 50; S=2 igt^ + 50t. 

132. Ascending Bodies. — In the consideration of 
ascending bodies we have the direct opposite of the laws of 
falling bodies. When a body is thrown downward, gravity 
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increases its velocity every second by the quantity g. 

When a body is thrown upward, gravity diminishes its 

velocity every second by the same quantity. Hence the 

time of its ascent will be found by dividing its initial 

velocity by g. The initial velocity of a body that 

can rise against the force of gravity for a given 

nuTnbefr of seconds is the same as the final velocity 

of a body that has been falling for the same 

nurriber of seconds. 

(a.) The spaces traversed and the velocities attained during suc- 
cessiye seconds will be the same in the ascent, only reversed in 
order. If a body be shot upward with a velocity of 821.6 feet, it 
will rise for ten seconds, when it will fall for ten seconds. The 
tenth second of its ascent will correspond to the first of its descent, 
i. e., the space traversed during these two seconds will be the same ; 
the eighth second of the ascent will correspond to the third of its 
descent ; the end of the eighth second of its ascent will correspond 
to the end of the second second of its descent. 

133. Projectiles. — ^Every projectile is acted upon by 
three forces : 

(1.) The impulsive force, whatever it may be. 
(2.) The force of gravity. 
(3.) The resistance of the air. 

134. Random or Range. — The horizontal dis- 
tance from the starting-point of a projectile to 
where it strikes the ground is called its random^ 
or range. In Fig. 30, the line <tE represents the ran- 
dom of a projectile starting from F, and striking the 
ground at E. 

135. Path of a Projectile.— The path of a pro- 
jectile is a curve, the resultant of the three forces above 
mentioned. Suppose a ball to be thrown horizontally. 
Its impulsive, forc^jfill give a uniform velocity, and may 
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be represented by a horizontal line divided into equal 
parts, each part representing a space equal to the velocity. 

The force of gravity may be 
represented by a vertical line 
divided into unequal parts, 
representing the spaces 1, 3, 5, 7, 
etc., over virhich gravity would 
move it in successive seconds. 
Constructing the parallelograms 
of forces, we find that at the 
^^ end of the first second the ball 
will be at A, at the end of the 
next second at 6, at the end of 
the third at 0, at. the end of the 
^^ fourth at D, etc. The result- 
ant of these two forces is a curve 
called a parabola. It will be seen that, in a case like this, 
the range GE may be found by multiplying the velocity 
by the number of seconds it will take the body to fall 
from F to G. The resistance of the air modifies the 
nature of the curve somewhat. 

136. Tinieof a Projectile. — ^From the second 
law of motion, it follows that the ball shot horizontally 
will reach the level ground in the same time as if it had 
been dropped ; that the ball shot obliquely upward from a 
horizontal plain will reach the ground in twice the time 
required to fall from the highest point reached. These 
statements may be easily verified by experiment 
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EXEBCISES. 

1. What will be the velocity of a body after it has fallen 4 
seconds ? 

Solution: ^ ^ gt. 

V = 82.16x4. 

« = 128.64. Am. 128.64 ft. 

2. A body falls for several seconds ; daring one it passes over 
5a0.64 feet ; which 6ne is it f 

Solution : ^ - \g (2< - 1). 

530.64 = 16.08 x (2< - 1). 
38 = 2* - 1. 
84 = 2«. 
17 = <v An». 17th second. 

3. A body was projected vertically upward with a velocity = 06.48 
feet ; how high did it rise ? 

Solution : fi = gt, (See § 132.) 

06.48 =; 82.16^. 
3 = *. 
-^ 8= \fft\ 

S = 16.08 X 0. 

S = 144.72. Ans. 144.72 a 

4 How far will a body fall during the third second of its fall f 

5. How far will a body fall in 10 seconds? Am. 1608 ft. 

6. How far. in | secopd? Ana. 4.02 ft. 

7. How far will a body fall during the first one' and a half seconds 
of its fall t 

8. How far in 12} seconds ? 

9. A body passed over 787.93 feet daring its fall ; what was the 
time required ? Ana. 7 sec. 

/ 10. What velocity did it finally obtain ? 

>r 11. A body fell daring 15} seconds rgive its final velocity. 

12. In an Attwood's machine the weights carried by the thread 
are 6} oonces each. The friction is equivalent to a weight of two 
ounces. When the ** rider," which weighs one ounce^ is in polsition, 
what will be its gain in velocity per second ? 

13. A stone is thrown horizontally from the top of a tower 
257J^ ft. high with a velocity of 60 ft. a second. Where will it 



strike the groand ? o 
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14 A body falls freely for 6 seconds. Wliat is the space tiav« 
ersed during the last 2 seconds of its fall ? 

16. A body is thrown directly upward with a velocity of 80.4 ft. 
^ (a) What will be its velocity at the end of 3 seconds, and (&) in what 
direction will it be moving?/ < . / ; 

16. In Fig. 30, what is represented by the following lines: Fl i 
Fa?Aa?Fc?Dd? 

17. A body falls 357.28 ft. in 4 seconds. What was its initial 
velocity? «^ - ' ' 

18. A ball thrown downward with a velocity of 35 ft. per second 
^ reaches the earth in 12^ seconds, {a) How far has it moved, and 

if)) what is its final velocity ? 

19. (a) How long will a ball projected upward with a velocity of 
3,216 ft. continue to rise ? iff) What will be its velodty at the 
end of the fourth second ? (c) At the end of the seventh ? 

20. A ball is shot from a gun with a horizontal velocity of 1,000 
feet, at such an angle that the highest point in its flight = 257.28 
feet. What is its random? Ans, 8000 ft. 

21. A body was projected vertically downward with a velocity of 
/ 10 feet ; it was 5 seconds falling. Required the entire space passed 

over. An%, 452 ft. 

^ 22. Required the final velocity of the same body. Ans, 170.8 ft. 
. B3. A body was 5 seconds rolling down an inclined plane and 
.' passed over 7 feet during the first second, (a) Give the entire 
- space passed over, and (&) the final velocity. 

24. A body rolling down an inclined plane has at the end of the 
first second a velocity of 20 feet ; {a) what space would it pass 
over in 10 seconds? (&) If the height of the plane was 800 ft.^^ 
what was its length ? Lagt Ans. 1286.4 ft. ^ 

25. A body was projected vertically upward and rose 1302.48 f^t- 
give (a) the time required for its ascent, (ft) also th^initial velocity. 

20. A body projected vertically downward has at the end of the 
seventh second a velocity of 235.12 feet ; how many feet will it have 
passed over during the first 4 seconds ? Ans, 2^.28 ft. 

27. A body falls from a certain height ; 3 seconds after it has 
started, another body falls from the height of 787.92 feet ; from 
what height must the first fall if both are to reach the giound at 
the same instant ? Ans. 1608 ft. 

Becapitulation.— To be amplified by the pupil for 
review. 
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f ACTED UPON BY A CONSTANT FORCE. 

RELATION OF WEIGHT TO VELOCITY. 

Illustratiyb ( Galileo's, ( „ ,, , ,^ 

J Attwnnrl'a J Roswlts stated. 

APPABATU8 ]Erperi^nt8.(««'"^^^^'^<«>- 
INGBEMSNT OF VBaiOOITY wrTD (Unimpeded. 
Fall. 'j impeded. 

Expressed in. \ Jftf?*?"'?**^ eymboig. 

\ Ordinary langaaffe. 

EFFECT OF INITIAL VELOCITY. 

-, ^ _ (Ascending bodies iSSSom^*^'*'"^ 

Relations to \^ ._^,, ^ iSfS, * 

]P«>jectiles ]Pjth. 
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j ^SeC TION IV. 

THE PENDULUM. 

137. The Simple Pendulum.— A simple pen- 
dulnm is conceiyed as a single material particle sup- 
ported by a line ivithou/6 weight, capable of oBcUlat- 
ing about a fixed point, Snch a pendulum has a 
theoretical but not an actual existence^ and has been con- 
ceived for the purpose of arriying at the laws of the com* 
pound pendulum. 

138. The Compound Pendulum.— A com- 
pound or physical pendulum is a weight so suspended 
as to he capaHe of oscillating about a fixed point. 
The compound pendulum appears in many forms. The 
most common form congists of a steel rod, thin and flexible 
at the top, carrying at the bottom a h^avy mass of metal 
known as the bob. The bob is sometimes spherical but 
generally lenticular, as this form is less subject to resistance 
from the air. 
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Fig. 31. 



139. Motion of the Pendulum.— When the 

supporting thread or bar is vertical, the centre of gravity 

is in the lowest possible position, 
and the pendnlum remains at 
rest, for the force of gravity tends 
to draw it downward producing 
pressure at the point of support, 
but ■ no motion. But when the 
pendulum is drawn from its ver- 
tical position, the force of grav- 
ity, MG, is resolved (§ 91) into 
two components, one of which, 
MC, produces pressure at the 
point of support, while the other, 
MH, acts at right angles to it, 
producing motion. Gravity there- 
fore draws it to a vertical position, when inertia carries it 
beyond until it is stopped and drawn back again by grav- 
ity. It thus swings" to and fro in an arc, MNO. 

140. Definitions. — The motion from one extremity 
of this arc to the other is called a vibration or oscillation. 
The time occupied in moving over this arc is called the 
time of vibration or oscillation. The angle measured by 
this arc is called the amplitude of vibration. The trip 
from M to is a vibration; the angle MAO is the 
amplitude of vibration. 

141. Centre of Oscillation.— A short pendulum 
vibrates more rapidly than a long pendulum ; this is a 
familiar fact. It is evident, then, that in every pendulum 
(not simple) the parts nearest the centre of suspension tend 
to move faster than those further away, and force them to 
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moye more rapidly than they otherwise would. On the 
other handy the parts farthest from the centre of suspen- 
sion tend to move more slowly than those nearer^ and force 
these to retard their individual rates of motion. Between 
these there will be a particle moving, of its own accord^ 
at the average rate of all The accelerating tendency of 
the particles above it is compensated by the retarding ten- 
dency of the particles below it. ITiis molecule, there- 
fore, wUl move as if it were vibrating aJ^ne, sup- 
ported by a thread without weight. It fulfills all the 
conditions of a simple pendulum. This point is called the 
centre of oscillation, 

142. The Real Lengrth of a Pendulum.— The 

laws of the simple pendulum are applicable to the com- 
pound pendulum if we consider the length of the latter to 
be the length of the equivalent simple pendulum^ t. e.f the 
distance between the centres of suspension and 
oscillation. We, therefore, may say that the real length 
of a pendulum is the distance between the centre of sus- 
pension and the centre of oscillation. The real length is 
less than the apparent length except in the imaginary case 
of the simple pendulum. 

143. First Law of the Pendulum.— I%e vi- 
brations of a given pendulum^, at any given place, 
are isochronous, i. e*, are performed in equal times, 
whether the arc be long or short. Each pupil should 
satisfy himself of the truth of this proposition, by the only 
true scientific method, experiment. 

[\ 144. The Cycloidal Pendulum. — :Z%,e law 

ydfove given is stricUy true only when the pendu- 
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lum vibrates in a cydoidaZ arc. A cycloid is the 

curve traced by a point 

in the drcnmference 

of a circle rolling along 

a straight line. The 

pendulum may be 

made to move in such 

an arc by suspending 

a small heavy ball by 

a thread between two 

cheeks upon which the 

thread winds as the pendulum vibrates. The cheeks must 

be the two halves of a cycloid ; each cheek must have the 

same length as the thread. The path of the ball will be 

a cycloid, identical with that to which the cheeks belong. 

(a.) The cycloidal pendulum is of little practical use. If the 
amplitude of an ordinary pendulum does not exceed five degrees, 
the circiUar arc, thus described, will not vary much from t]^e true 
cycloidal arc, and the pendulum will be practi- 
cally isochronous. If from the centre of sus- 
pension, with radius equal to the length of the 
string, a circular arc be described, the two 
curves will sensibly coincide for at least five 
degrees. This is why the pendulums of "reg- 
ulator" clocks have a small swing or amplitude. 

146. Second Law of the Pen- 
dulum. — The time of vibration is 
independent of the weight or mate- 
rial of the pendulum, depending only 
upon the length of the pendulam, and 
the intensity of the force of gravity at 
any given place. 

{a.) Each pupil should try the experiment, 
at home, with balls of equal size but different Fig. 33. 
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wdglit. The investment of a little time and ingenuity in simple 
espeiimeutB will pay large dividends. 

146. Third Law of the Pendulum.— The yibra- 
tionfl of pendnlnmg of different lengths are performed in 
different times. The lengths are direcUy propoHional 
to the squares of the tijrbea of vibration, or in- 
veraely proportional to the squares of the numbers 
of vibrations in, a given time. 

Ifote. — Be careful to distinguish clearly between the eipreBHlone 
"times of vibration" and "numl>ers of vibration." The greater 
the lime, the less the miiaber. Tou may easily 
verify by experiment the three laws already 
given for the pendulum, 

147. The Second's Pendulum. 

At the equator, the length of a second's 
pendulum, at the level of the sea, is \ 

39 inches ; near the poles, 39.2 ; in this 
latitude about 39.1 ineJves or 993.3 
mm. As BDch a pendulnm would he 
incoiiTcniently long, use b generally made 
of one one-fonrth as long, which, con- 
sequently, Tibrates half seconds. The 
length and time of vibration of this 
pendnlnm being thns known, the 
length of any other pendulnm may be 
found when the timo of vibration is 
given ; or the time of vibration may be 
fonnd when the length is given. The 
third law is applicable to such a problem. 

148. TTse of the Pendulum in ^^° ^^ 
Time-pieces. — The motion of a clock is doe to the 
force of gravity acting npon the weights, or to the elaatic- 
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ity of the spring. But the weights have a tendency toward 
accelerated motion (falling bodies), while the spring would 
give an example ot diminishing motion. Either defect 
would be fatal in a time-piece: Hence the properiiies of 
the pendulum set forth in the first and third laws are 
used to regulate this motion and make it available for the 
desired end. If the clock gains time, the pendulum is 
lengthened by lowering the bob ; if it loses time, the pen- 
dulum is shortened by raising the bob. 

149. Compensation Penduliuns. — The expan- 
sion of metals by heat is a familiar &,ct. Hence the ten- 
dency of a clock to lose time in summer and 
to gain time in winter. One plan for coun- 
teracting this tendency is by the use of the 
" gridiron '^ pendulum which is made of two 
substances in such a manner that the down- 
ward expansion of one will be exactly com- 
pensated by the upward expansion of the 
other. In the figure, the heavy single lines 
represent steel rods, the effect of whose ex- 
pansion will be to lower the bob. The light 
double lines represent brass rods, the effect of 
whose expansion will be to raise the bob. The 
steel rod to which the bob is directlv attached 
passes easily through holes in the two hori- 
zontal bars which carry the brass uprights. 
As brass expands more than steel, for a given increase of 
temperature, it will be seen that these two expansions may 
be made to neutralize one another. 
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Exercises. 



^"^ 



No. 


INCKB8. 


NUXBSB. 


TncB. 


No. 
11 


Cm. 


NUMBBR. 


TiMB. 


1 


9 

• 


20 per min. 




09.33 




? 


2 


t 


30 " 




12 


? 




2 sec. 


3 


30 


? 




13 


? 




2 min. 


4 


16 


? 




14 


24.83 




? 


6 


? 


? 


J sec. 


15 


? 


8 per sec. 


? 


6 


? 


? 


J min. 


16 


397.32 




? 


7 


39.37 


? per min. 




17 


11.03 




? 


8 


? 


10 " 




18 


? 




10 sec. 


9 


10 


? per sec. 




19 


2483.25 




? 


10 


r ^ 


1 per min. 




20 


? 




4 sec. 



21. How will the times of vibration of two pendulnms compare, 
th^ lengths being 4 feet and 49 feet respectively ? Ans, As 2 to 7. 

22. Of two pendulums, one makes 70 vibrations a minute, tlie 
other 80 vibrations daring the same time ; how do their lengtlis 

compare ? C^J) . v /p V i^" ^««- ^H|;l^^- 

23. If one pendulum is 4 times as long as another, what will be 
their relative times of vibration ? \ \ Jl 

24. The length of a second's penaulum being 39.1 inches, what 
must be the length of a pendulum to vibrate in ( second ? K 6 ^ 

25. How long must vpendtilum be to vibrate once in 8 seconds ? 
Inisecond? ^ ^'v'^^Ot'^ "f ' i ■ 

26. How long must a pendulum be to vibrate once in 3^ seconds ? ^' 

27. Find the length of a pendulum that will vibrate 5 times in 4 
seconds? Ans, 25.02 + inches. 

28. A pendulum 5 feet long makes 400 vibrations during a certain 
time ; how many vibrations will it make in the same time after the 
pendulum rod has expanded half an inch ? ' 

Recapitulation. — In this section we have considered 
the Sirnple Pendulum ; the Compound Pen- 
dulum ; the nature of the Motion of the Pendu- 
lum and its Cause ; the meaning of the terms Vi- 
bration, Time of Vibration, Amplitude of . 
Vihration; Centre of Oscillation; Real LTength 
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of a Pendulum ; La-ws and Formulas for the Pen- 
dulum ; the Cycloidal Pendulum ; the Second's 
Pendulum ; the Use of the Pendulum in Clock- 
work; Compensation Pendulums. 



j ^SEC TfON V. 
ENERGY. 

160. Work. — This is a world of work, a world in 
which the necessity of working is imposed upon every 
living creature. If a man is poor, he must work for the 
means of living; if he is rich, still he must work to live. 
But in physical science, the term work has a broader 
meaning, and signifies the overcoming of resistance 
of any kind. Whether this overcoming of resistance is 
pleasant or not does not enter into consideration here, all 
play being a species of work. The word is here used in 
this enlarged, technical sense. . 

151. Energy. — ^Energy is the power of doing 
work. If one man can do more work than another, he 
has more energy. If a horse can do more work, in a given 
time, than a man, the horse has more energy than the man. 
If a steam-engine can do more work than a horse, it has 
more energy. If a moving cannon-ball can overcome a 
greater resistance than a base-ball it has more energy. 

152. Elements of Work Measure.— Imagine a 
flight of stairs, each step having a rise of twelve inches. 
On the floor at the foot of the stairs are two weights, of 
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one and ten pounds respectively. Lift the first weight to 
the top of the first step. How much work hare you per* 
formed? Perhaps you will answer, one pound of work, 
Kow place the second .weight beside the first. How much 
work did you perform in so doing ? Perhaps you will say 
ten times as much as before, or ten pounds. Now lift 
each of them another step, and then another, until they 
rest on the top of the tenth step. To lift the heavier 
weight the second, third, and subsequent times involved 
each as much work as to lift it the first foot, but you 
would hardly say that you had lifted a hundred pounds. 
Still it t^ sure that to place it on the tenth step required 
just ten times as much work as it did to place it on the first 
step, or just one hundred times as much work as it did to 
place the one pound weight on the first step. Moreover, 
it is evident that the two elements of weight and 
height are neceaaarUy to he considered in measuring 
the work actually performed. 

1S3. Units of Work; the Foot-pound.— It 

is often necessary to represent work numerically; hence 
the necessity for a unit of measurement. The unit com- 
monly in use, for the present, in England and this country 
is \hQ foot-pound. A foot-pound is the amount of work 
required to raise one pound one foot high against 
the force of gravity. The work required to raise one kilo- 
gram one meter high against the same force is called a 
kilogrmri'meter. 

(a.) To get a numerical estimate of work, we multiply the number 
of weight units raised by the number of linear units in the vertical 
height through which the body is raised. A weight of 25 pounds, 
raised 3 feet, or one of 3 pounds raised 25 feet, represents 75 foot- 
pounds, A weight of 15 Kg, raised 10 m., represents 150 hUogram- 
meters,. 
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/ 154. The Erg.— The 0. G. S. unit of work is the 
(/ work done by a force of one dyne (§ 69) working 
through a distance of one centimeter. It is called 
the erg; the term is not yet much used in this country; 

155. Horse-Power. — .4 horse-power represents 
the ability to perform 33,000 foot-pounds in a 
minute. An engine that can do 66,000 foot-pounds in a 
minute or 33,000 foot-pounds in half a minute is called a 
two horse-power engine. To compute the number of 
horse-powers represented by an engine at work, multiply 
the number of pounds raised by the number of feet, and 
divide the product by 33,000 times the number of minutes 
required to do the work. 

Note. — Let the pnpil make & formula for horae-power, similar to 
those given for falling bodies. 

-^'^156. Relation of Velocity to Energy.— Any 

' moving body can overcome resistance, can perform work, 
has energy. We must acquire the ability to measure this 
energy. In the first place, we may notice that the direc- 
tion of the motion is unimportant. A body of given 
weight and velocity can at any instant do as much work 
when going in one direction as when going in another, 
when moving horizontally as when moving vertically up- 
ward or downward. This energy may be expended in 
penetrating an earth-bank, knocking down a wall or lifting 
itself against the force of gravity. Whatever be the work 
actually done, it is clear that the manner of expenditure 
does not change the amount of energy expended. We 
may therefore find to what vertical height the 
given velocity would lift the body, and thus easily 
determine its energy in foot-pounds, or kilogram- 
meters. 
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157. An Easier Method.— If we can obtain the 
same result without the trouble gf finding how high the 
given velocity could raise it^ it is generally desirable to do 
so. Be it remembered that the two elements of our meas- 
ure are unite of weight and units of height. The first of 
these is given ; for the second we may substitute its equiv- 
al^t in terms of, the velocity which also is given. The 
determination of this equivalent is our present problem. 
We must use our knowledge of the laws of falling bodies. 
Our vertical height is the whole space passed over by an 

ascending body (§ 132). We have given v to find 8. 

gt = V. (Formula 1, Falling Bodies.) 

9 

8 = fer/2. (Formula 3, Falling Bodies.) 
Substituting the above value of ^, we have, 

Energy = wS (the weight into the height). Substitute ' 
ing our new value for S, we have the following important 
formula: . _ ^i^ 



Kinetic Energy = 



aj/* 



^• 



• 158. Two Types of Energy.— There are two types 
of energy which may be designated as energy of motion 
and energy of position. With the first of these we are 
familiar. A falling weight or running stream, possesses 
energy of motion; it is able to overcome resistance by 
reason of its weight and velocity. On the other hand, be- 
fore the weight began to fall, while, as yet, it had no 



motion but was at rest, it had th6f power of doing work by 
reason of its elevated ^«iYi07i with reference to the earth. 
When the water of the running stream was at rest in the 
lake among the hills it had a power of doing work, an 
energy, which was not possessed by the waters of the 
I)ond in the valley below. This energy or power results 
from its peculiar 2^osition. Energy oj£ motion is called 
kinetic energy; energy of position is called potential 
energy, 

159. Convertibility of Kinetic and Poten- 
tial Energies. — We may at any moment convert kinetic 
energy into potential, or potential energy into kinetic 
One is as real as the other, and when it exists at all, exists 
at the expense of a definite amount of the other. Imagine 
* a ball thrown upward with a velocity of 64.32 feet. As it 
begins to rise it has a certain amount of kinetic energy. 
At the end of one second it has a velocity of only 32.16 ft. 
Consequently its kinetic energy has diminished. But 
it has risen 48.24 ft, and has already a considerable poten- 
tial energy. All of this potential energy results from the 
kinetic energy which has disappeared. At the end of 
another second, the ball has no velocity; it has reached the 
turning-point and is at rest Consequently, it has no 
kinetic energy. But the energy with which it began its 
flight has not been annihilated; it has been stored up in 
the ball at a height of 64.32 ft as potential energy. If at 
this instant the ball be caught, all of the energy may be 
kept in store as potential energy. If now the ball be 
dropped, it begins to lose its potential and to gain kinetic 
energy. When it reaches the ground at the end of two 
seconds it has no potential energy, \yitjust as much of the 



ENSBer. 



81 



kinetic type as was given to it when it began to rise. This 
Olustrates in a simple way the important principle^ the 
transformation or oonvertibUity of energy ivithout 
any change in its quantity, 

160. Energy a Constant Quantity.— In the 

case of the ball thrown upward^ at the start, at the finish, 
or at any intermediate point of either its ascent or descent, 
the sum of the two types of energy is the same. It may 
be all kinetic, all potential, or partly both. In any case, 
the sum of the two continually varying energies is 
constant. Jnst as a man may have a hundred gold dol- 
lars, now in his hand, now in his pocket, now part in his 
hand and the rest in his pocket ; changing a dollar at a 
time from hand to pocket or vice versa^ the amount of 
money in his possession remains constant, viz., one hun- 
dred dollars. 

161. Pendulum Illustration. — ^The pendulum 
affords a good and simple illustration of kinetic and poten- 
tial energy, their equivalence 

and convertibility. When the 
pendulum hangs at rest in a 
vertical position, as Fa, it has 
no energy at all. Considered as 
a mass of matter, separated from 
the earth, it certainly has po- 
tential energy; but considered 
as a pendulum,it has no energy. 
If the pendulum be drawn 
aside to h, we raise it through 
the space ah ; that is, we do 
work, or spend kinetic energy upon it. The energy thus 




Fig. 36. 
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expended is now stored up as potential energy^ ready to be 
reconverted into energy of the kinetic type, whenever we 
let it drop. As it Mis the distance ha^ in passing from I 
to ay this reconversion is gradually going on. When the 
pendulum reaches a its energy is all kinetic, and just equal 
to that spent in raising it from a to J. This kinetic energy 
now carries it on to Cy lifting it again through the space ah 
^ts energy is again all potential just as it was at h. If we 
could free the pendulum from the resistances of the air 
and friction, the energy originally imparted to it would 
swing to and fro between the extremes of all potential and 
all kinetic; but at every instant, or at every point of the 
arc traversed, the total energy would be an unvarying 
quantity, always equal to the energy originally exerted in 
swinging it from a to S. 

163. indestructibility of Energy.— From the 
last paragraph it will be seen that, were it not for friction 
and the resistance of the air, the pendulum would vibrate 
forever ; that the energy would be indestructible. Energy 
is withdrawn from the pendulum to overcome these imped- 
iments, but the energy thus withdrawn is not destroyed. 
What becomes of it will be seen when we come to study 
heat and other forms of energy, which result from the 
motions and positions of the molecules of matter. The 
truth is that energy is as indestructible as matter. 
For the present we must admit that a given amount of 
energy may disappear, and escape our search, but it is only 
for the present. We shall soon learn to recognize the 
fugitive even in disguise. 

Wote.— "Physics may now be defined as the science of matter and 
energy. 
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. v^ Exercises. 

1. How many horse-powers in an engine that will raise 8,250 Ihs. 
176 f t. in 4 minntes ? 

2. A ball weighing 192.96 pounds is rolled with a velocity of 100 
feet a second. How much energy has it? Ans, 80000 foot-pounds. 

8. A projectile weighing 60 Kg. is thrown obliquely upward with 
a velocity of 19.6 m. How much kinetic energy has it ? ^ 

4. A ten-pound weight is thrown directly upward with a velocity 
of 225.12 ft. (a.) ^WhaX will be ite kinetic energy at the end of the 
third second of its ascent ? "^{9^ J&tSe^t^chof the fourth second of 
its descent ? 

K 5. A body weighing 40 Eg. moves at the rate of dO Em. per hour, 
rind its kinetic energy. 

6. What is the horse-power of an engine that can raise 1,500 
pounds 2,876 feet in 3 minutes? 

7. A cubic foot of water weighs about 62| pounds. What is the 
horse-power of an engine that can raise 800 cubic feet of water 
every minute from a mine 132 ft. deep ? 

8. A body weighing 100 pounds moves with a velocity of 20 miles 
per hour. Find its kinetic energy. 

9. A weight of 3 tons is lifted 50 feet, (a.) How much work was 
done by the agent? (&.) If the work was done in a half -minute, 
what was the necessary horse-power of the agent? 

10. How long will it take a two horse-power engine to raise 5 
tons 100 feet? 

11. How far can a two horse-power engine raise 5 tons in 80 sec. ? 

12. What is the horse-power of an engine that can do 1,650,000 
foot-pounds of work in a minute t/^ ' ^ {\ ^X/ ' t. Im >v4/V/ 

13. What is the horse-power of an engine that can raise 2,876 
pounds 1,000 feet in 2 minutes ? § .^; 

14. If a perfect sphere rest on a perfect, horizontal plane in a 
vacuum, there will be no resistance to a force tending to move it. 
How much work is necessary to give to such a sphere, under such 
circumstances, a velocity of 20 feet a second, if the sphere weighs 
201 pounds ? 

X.15. A railway car weighs 10 tons. Prom a state of rest it is 
moved 50 feet, when it is moving at the rate of 3 miles an hour. 
If the resistances from friction, etc., are 8 pounds per ton, how 
many foot-pounds of work have been expended upon the car? 
(First find the work done in overcoming friction, etc., through 50 ft. 
which IS 50 foot-pounds x 10 x 8. To this add the work done in 
giving the car kinetic energy.) 
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Recapitulation. — In this section we have considered 
the meaning of ^^^ork and Energy; the Ele- 
ments of Work-measure; the Unit of "Work, as 
Foot-pound or Kilogram-meter; Horse- 
po"wer; the relation between Velocity and En- 
ergy \ * V6^7 convenient Formula for Energy ; 
two Types of Energy, Kinetic and Potential ; 
the mutual Convertibility of these two Types of 
Energy ; the Sum of these two as a Constant Quan- 
tity ; the Pendulum as an Illustration of this Con- 
vertibility and Constancy; the Indestructibility of 
Energy. 

Review Questions aisd Exeboises. 

1. {a.) What is a molecule? (J).) An atom? (c.) Name the attrao 
tions pertaining to each. 

2. (a.) Glye an original illustration of a physical change. (&.) Of 
a chemical change. 

3. (a.) What is the difference between general and characteristic 
properties of matter? (6.) Give an illustration of impenetrability, 
not mentioned in the book. 

4. (a.) Upon what property do most of the characteristic proper- 
ties of matter depend ? (6.) Name five general and three charac- 
teristic properties of matter, (c.) Define inertia. 

5. (a.) How does a solid differ from a liquid ? (&.) Prom a gas ? 
(c.) How does a gas differ from a vapor ? {d) What is a fluid ? 

6. {a.) Define dynamics. (6.) What is the difference between 
statics and kinetics ? {c) What is the gravity unit of force ? (d) 
The kinetic unit ? 

7. (a.) Give Newton's Laws of Motion. (&.) Explain the meaning 
of "parallelogram of forces." (c.) What is an equilibrant? {d.) 
Give the law of reflected motion. 

8. {a.) What is the difference between gravity and gravitation? 
(5.) Give the law of gravitation, (c.) Of weight, {d.) What is 
meant by centre of gravity ? 

9. {a.) Describe the several kinds of equilibrium. (&.) Upon 
what does the stability of a body depend? (c.) Show how. (d.) 
What is the line of direction ? 
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10. (a.) Why ia it that a lead ball and a wooden ball will fall 100 
feet in the same time ? (6.) How did Galileo study the laws of 
falling bodies ? (c.) Who was Galileo and when did he live ? {d.) 
Define Increment of velocity. 

11. (a.) Give the laws of freely falling bodies. (&.) Express the 
same truths algebraically, (c.) What ftirces act upon a projectile ? 
(d,) Define random. 

13. (d.) What is a simple pendulum? (&.) A compound pen- 
dulum? (c.) What is the real length of a pendulum? (d) How 
long must a pendulum be to vibrate once a minute ? {e) Once a 
second ? (/. ) What is the most important property of a pendulum ? 

-y^/S&t Two forces of 6 and 8 pounds respectively act at right angles 
^ to each other. Find the direction and intensity of their equilibrant. 

14. (a.) Define energy. (&.) Footpound, (c.) Horse-power, {d.) 
Give the rule for calculating horse-power* 

15. (a.) What is a kilogram-meter? (6.) Give the formula for 
the calculation of kinetic energy from weight and velocity, (e,) 
Deduce the same. 

16. (a.) State fully and clearly the difference between kinetic and 
potential energy. (&.) Illustrate the same by the pendulum. 

17. (a.) What is the object of experiments in the study of phy- 
mcs? (&.) What is the metric unit of weight? (c.) How is it ob- 
tained? 

^^ 18. Three inelastic balls weighing 5, 7 and 8 pounds, lie in the 
^ \ same straight line. The first strikes the second with a velocity of 

60 feet per second ; the first and second together strike the third. 

What will be the velocity of the third "^ )2^ J ^ - x -» ( i, / * \^L 
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PRINCIPLES OF MACHINERY.— THE LEVER. 

163. What is a Machine?— .4 machine is a 
contrivance by means of which the power can be 
applied to the resistance m,ore advantageoitsly. Its 
general office is to effect a transformation in the inten- 
sities of energies, so that an energy of small intensity, 
acting through a considerable distance, may be made to 
reappear as an energy of considerable intensity, acting 
through a small distance, or vice versa. 

164. A Machine cannot Create Energry.— 

N"o machine can create or increase energy. In fact, the 
nse of a machine is accompanied by a waste of power 
which is needed to overcome the resistances of friction, the 
air, etc. A part of the energy exerted must therefore be 
used upon the machine itself, thus diminishing the amount 
that can be transmitted or utilized for doing the work in 
hand. 

165.— A Common Error. — A clear understanding 
of this fact is very important. There is a very common 
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erroneous notion that, in some way or other, a 
machine performs work of itself — ^that it is a source of 
power. It were as reasonable to imagine that a bank is a 
source of real money. The bank can pay oat no more 
than it receives; neither can a machine. A man may go 
to the bank with a ten-dollar gold piece, and get for 
it ten one-dollar gold pieces. In like manner, he may go 
to a machine with an ability of moving ten pounds one 
foot in a given time, and get for it the ability of moving 
one pound ten feet in the same time. He may exchange 
what he has for what he prefers ; but, in the case of the 
bank and of the machine alike, the equivalent must be 
paid, and generally a commission for the transfer. 

166. Of what Use are Machines ?— Some of the 
many advantages resulting from the use of machines are : 

(1.) It enables us to exchange intensity for a velocity 
otherwise unattainable, as in the case of the sewing 
machine or spinning wheel. 

(2.) It enables us to exchange velocity for an intensity of 
power otherwise unattainable, as in the case of lift- 
ing a large stone with a crow-bar or pulleys. 

(3.) It enables us to change the direction of our force, as 
in the case of hoisting a flag on a flag-staff. It 
would be inconvenient to climb the pole and then 
draw up the flag. 

(4.) It enables us to employ other forces than our own, as 
the strength of animals, the forces of wind, water, 
steam, etc. 

167. General Laws of Machines.— The work to 
be done by a machine is generally called the weight or 
load. The work of the power {e.g., foot-pounds) is always 
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equal to the work of the load, the power expended in the 
machine itself being disregarded. The following laws are, 
therefore, applicable to machines of every kind. They are 
called the general or great laws of machines: 

(1.) What is gained in intensity of power is lost 
in time, velocity, or distance; and what is 
gained in time, velocity, or distance is lost in inten- 
sity of power. 

(2.) The power multiplied by the distance through 
which it moves, equals the weight multiplied 
by the distance through which it moves. 

(3.) The power multiplied by its velocity, equals the 
weight m^idtiplied by its velocity. 

168, What Is a Lever? — ^ lever is an inflex- 
ible bar capable of being freely moved about a 
fixed point or line^ called the fulcrum. 

In every lever, three points are to be considered, viz.: 
the fulcrum and the points of application for the power 
and the weight Every lever is said to have two arms. 
The power-arm i» the perpendicular distance from the ful- 
crum to the line in which the power acts; the weight-arm 
is the perpendicular distance from the fulcrum to the line 
in which the weight acts. If the arms are not in the same 
straight line, the lever is called a bent lever. 
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169. Classes of Levers* — There are three classes 

p, of levers, depending upon the 

relative positions of the power, 
weight, and fulcrum. 



a' 



pi 



Fig. 37. (1.) If the fulcrum is be- 



THE LEVSB. 



89 




tween the power and weight (P. F. W. ), the leyer is of 
the first class (Fig. 37); e. g.y crowbar, balance, steelyard, 
scissors, pincers. 

(2.) If the weight is be- 
tween the power and the 
fulcrum (P. W. F.), the 
leyer is of the second class 
(Fig. 38) ; e. g^ cork-squeezer, 
nut-cracker, wheel-barrow. 

(3.) If the power is be- 
tween the weight and the ful- 
cram (W. P. F.), the lever is 
of the third class (Fig. 39); 
e,g.y fire-tongs, sheep-shears, 
human fore-arm. Fig« 39- 



Fig. 38. 




170. Static Laws of the Lever.— It will be 
clearly seen or may be geometrically shown that the ratio 
between the arms of the lever will be the same as the ratio 
between the velocities of the power and the weight, and 
the same as the ratio between the distances moved by the 
power and the weight. If the power-arm be twice as long 
as the weight-arm, the power will move twice as fast and 
twice as far as the weight does. The general laws of ma- 
chines may therefore be adapted to the lever as follows : 



P X power-arm = W x weight-arm, or P x PF = W x WF. 

.-. P : TT:: WF\ PP. 

(1.) In the case of the lever, the power and weight are 
inversely proportional to the corresponding arms of the 
lever; or. 



90 



THE LEVEB. 



(2.) The power multiplied by the power-arm equals the 
weight multiplied by the weight-arm ; or, * 

(3.) A given power will support a weight as many 

times as great as itself, as the power-arm is times as 

long as the weight-arm. 

Ncte, — ^A static law expresses the relation between the power and 
weight when the machine is in equilibrium. In order that there be 
motion, one of the products mentioned in the law above must be 
greater than the other. The lever itself must be in equilibrium 
before the power and weight are applied. It is to be noticed that 
when we speak of the power multiplied by the power-arm, we refer 
to the abstract numbers representing the power and power^am. 
We cannot multiply pounds by feet, but we can jnnUiply the number 
of pounds by the numiier of ieet. 

171. The Moment of a Force.— The moment 
of a force acting about a given point, as the fulcrum of a 
lever, is the product of the numbers representing 
respectively the magnitude of the force and the 
perpendicular distance between the given point 
and the line of the force. In the case of the 
lever represented in Pig. 37, the weight-arm is 8 mm. 
and the power-arm is 30 mm. Suppose that the power is 
4 grams, and let. the weight be represented by x. Then 
the moment of the force acting on the power-arm will be 
represented by (4 x 30 =) 120, and the moment of the 
force acting on the weight-arm by 8a;. 

173. Moment^ Applied to the Lever.— We 

sometimes have sev- 
eral forces acting 
80 upon one or both 
arms of a lever, in 
the same or in 
Fig. 4a opposite directions. 
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Undbr Bach circumfitances, the lever will be in eqailibrium^ 
when the sum of the moments of the forces tending to 
turn the lever in one direction is equal to the sum of the 
moments of the forces tending to turn the lever in the 
other direction. Bepresenting tlie momerUs of the several 
forces acting upon the lever represented in the figure by 
their respective letters and numerical values. 



h+c+d=za+e+f 
or, c+d — «= e+f—i 



30+30 + 40 = 30 + 25 + 45. 
30 + 40-30 = 25 + 45-30. 




Fig. 41. 



173. Bent Levers. — When the lever is not a 

straight bar, or when, for any reason, tjfc« power and 

weight do not act parallel to ea^h 

other, it becomes necessary to distinguish 

between the real and apparent arras of the 

lever. This will be easily done, if you are 

familiar with the definition of the arms 

of a lever, given in § 168. In Fig. 41, we 

have represented a very simple kind of 

bent lever, which is suflSciently explained 

by the engraving. In Fig. 42, we have a 

representation of a curved rod lever, WT', at the ends of 

which two forces, 
not parallel, are 
acting. Our def- 
inition of the 
arms of the lever, 
already learned, 
removes every dif 

ficulty arising from the form of the lever, or the direction 

in which the forces act. The arms are not FP' and FW', 

but FP and FW. 




Fig. 42. 
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174, Load between Two Supports. — Tf a 

beam rest on two supports, and carry a load be- 
tween them, the beam may be considered a lever 
of the second class. The part carried by either support 
may be found by considering it us the power, uid the 
other support as the fulcrum. ' (Fig. 43.) 



Fig. 43. 

175. The Balance.— 2%e balance is essentiaUy 
a lever of the first class, having equal arms. Its 
use is to determine the relative weights of bodiea Its 
action depends upon the equality of moments explained in 

§ 171 and § 172. The lever itself is called the beam. 
From the ends of the beam are suspended two pans, one 
to carry the weights used, the other to carry the article to 
be weighed. Aa index needle, or pointer, is often attached 
to the beam, and indicates equilibrium, hy pointing to the 
zero of a graduated scale, carried by a fixed support. 

(a.) That the balance in&7 be accurate, the Bnnsmnst be of the Bune 
length. To make these arms exactly eqoa] U far from an easy task. 
That the balance may be delicate, it must turn upon Ita axis with 
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little friction, the axis of support most be a veiy little above the 
centre of gravity, the arms most be of considerable length, and th» 
beam must be 
light. Balances are 
made, so delicate 
that thej may be 
turned by less than 
a thousandth of a 
grain. The sup- 
porting edge of the 
axis is made very 
sharp and hard, 
and rests upon two 
supports, general- 
ly made of agate 
or polished steel. 
A really good bal- 
ance is an expen- 
sive piece of appa- 
ratus. 




Fig. 44. 



176. False Balances. — False balances (Levers of 
the first hind ivith unequal arms) are sometimes 
used by dishonest dealers. When buying, they place 
the goods on the shorter arm ; when selling, on the longer. 
The cheat may be exposed by changing the goods and 
weights to the opposite sides of the balance. The true 
weight may be found by weighing the ai-ticle first on one 
side and then on the other, and taking the geometrical 
mean of the two false weights ; that is, by finding the 
square-root of the product of the two false weights. 

177. Double Weighing. — ^In another way the true 
Veight of a body may be found with a false balance. The 
article to be weighed is placed in one pan, and a counter- 
weight, as of shot or sand, placed in the other pan until 
equilibrium is produced. The article is then removed, 
and known weights placed in the pan until equilibrium is 
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again produced. The sum of these weights will be the 
true weight of the given article. 

178. Compound Lever.— Sometimes it is not con- 
venient to use a lever sufficiently long to make a given 
power support a given weight. A combination of levers 
called a compound lever may then be used. Hay-scales 
may be mentioned as a familiar illustration of the com- 
pound lever. In this case we have the following : 

Statical Laiv. — The contin- 
ued product of the power and 
the lengths of the alternate 
arms, beginning with the 
power-arm, equals the contin- 
ued product of the weight 
and the lengths of the alter- 
nate arms beginning vMh the 
weight-army. 




Fig. 45. 



Exercises. 



i / 



No 


Power- 
Arm. 


Weight- 
Arm. 


% 

(2 


Weight. 


No. 
11 


Power- 
Arm. 


Weight- 
Arm. 


1 


1 


Lever, 




Length. 


Clau. 


1 


4 ft. 


2 ft. 


50 lbs. 


? 


6 ft. 


? 


SOlbB. 


251bB. 


10 ft;. 


1 


2 


8 ft. 


Oft. 


?• 


75 lbs. 


12 


? 


• 


15 oz. 


46 oz. 


12 in. 


2 


3 


10 ft. 


4 ft. 


141bB. 


? 


13 


? 


60 cm. 


IKg. 


4 Kg. 


? 


2 


4 


60 in. 


? 


21bB. 


80 lbs. 


14 


16} cm. 


f 


12 oz. 


2oz. 


1 


8 


6 


? 


18 cm. 


27 Kg. 


9 Kg. 


15 


8 ft. 


6 ft. 


10 lbs. 


? 


? 


1 


6 


14 ft. 


» 


45 oz. 


63 oz. 


16 


89.87 iiL 


50 cm. 


? 


20 Kg. 


? 


1 


7 


40 cm. 


56 cm. 


21 g. 


? 


17 


t 


16 ft. 


141bB. 


8i lbs. 


16 ft. 


t 


8 


18 in. 


21 in. 


1 


24 oz. 


18 


t 


2 ft. 


30 lbs. 


t 


10 ft. 


1 


9 


36 cm. 


? 


11 Dg. 


18 Dg. 


19 


? 


2 ft. 


80 lbs. 


t 


10 ft. 


2 


10 


? 


1ft. 


50 lbs. 


2500 Ibe. 


20 


2 ft. 


? 


301bB. 


? 


10 ft. 


8 



Note to the Pupil. — ^If any of these problems be obscure to yon, 
remember that it will pay to draw an accurate figure or diagram of 
the machine representing the several powers and weights in position. 
Bee Fig. 40. 
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21. If a power of 50 pounds acting upon any kind of machine, 
move 15 feet, (a) how far can it move a weight of 250 pounds 9 
(6.) How great a load can it move 75 feet ? 

22. If a power of 100 pounds acting upon a machine, moves with 
a velocity of 10 feet per second, (a) to how great a load can it 
give a velocity 125 feet per second ? (5.) With what velocity can it 
move a load of 200 pounds ? 

23. A lever is 10 feet long ; F in the middle ; a power of 50 
poui^ds is applied at one end ; (a) how great a load at the other end 
can it support ? (5.) How great a load can it lift ? 

Ans, to (&.) : Anything less than 50 lbs. 

24. The power-arm of ia lever is 10 feet ; the weight-arm is 5 feet. 
{a.) How long will the lever be if it is of the first class ? (6.) If it 
is of the second ? (e.) If it is of the third class ? 

JT ih. A bar 12 feet long is to be used as a lever, keeping the weight 
^ 3 feet from the fulcrum, (a) What class or classes of levers may 
it represent ? Q>.) What weight can a power of 10 pounds support 
in each case ? 

26. Length of lever = 10 feet. Four feet from the fulcrum and at 
the end of that arm is a weight of 40 pounds ; two feet from the 
fulcrum on the same side, is a weight of 1,000 pounds. What force 
at the other end will counterbalance both weights ? 
A« 27. At the opposite ends of a lever 20 feet long, two forces are 
acting whose sum = .1,200 pounds. The lengths of the lever arms 
are as 2 to 3 ;\ nviuit.are the two forces when the lever is in equi- 
librium ? 
Aj 28. Length of lever = 8 feet, F in the centre. A force of 10 
V pounds acts at one end, one foot from it another of 100 pounds. 
jW* Three feet from the other end is a force of 100 iwunds. Direction 
of all forces, downward. Where must a downward force of 80 
pounds be applied to balance the lever ? 

29. Length of lever ah = 6 J feet ; fulcrum at c; a downward 
force of 60 pounds acts at a ; one of 75 pounds at a point d between 
a and c, 2| feet from the fulcrum ; required the amount of equili- 
brating force acting at &, the distance between 5 and c being } feet. 

30. On a lever db, a downward force of 40 pounds acts at a, 10 
feet from fulcrum c; on same side and OJ feet from c, an upward 
force, d, acts, amounting to 56 pounds ; distance bc = d feet : a 
downward' force of 96 jwunds acts at b, (a.) Where must a fourth 
force of 28 pounds be applied to balance the lever, and (6) what 
direction must it have ? 

31. A beam 18 feet long is supported at both ends ; a weight 
of 1 ton is suspended 3 feet from one end, and a weight of 14 cwt.« 
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8 feet from the other end. Give the pressure on each point of sup- 
port 

82. Length of lever = 3 feet ; where must the fulcrum be placed 
so that a weight of 300 lbs. at one end shall be balanced by 40 lbs. 
at the other end ? 

83. In one pan of a false balance, a roll of butter weighs 1 lb. 

9 oz. ; in the other, 2 lbs. 4 oz. Find the true weight. 

34. A and B at opposite ends of a bar 6 ft. long carry a weight 
of 300 lbs. suspended between them. A's strength being twice as 
great as B's, where should the weight be hung? 

3«5. A and B carry a quarter of beef weighing 450 pounds on a 
rod between them. A's strength is 1|^ that of B's ; the rod is 8 
feet long ; where should the beef be suspended ? 

36. Length of lever = 16 feet ; weight at one end, 100 pounds : 
what power applied at other end, ^\ feet from the fulcrum, is re^ 
quired to move the weight? 

37. A power of 50 lbs. acts upon the long arm of a lever of the 
first class ; the arms of this lever are 5 and 40 inches respectively. 
The other end acts upon the long arm of a lever of the second 
class ; the arms of this lever are 6 and 33 inches respectively, (a.) 
Figure the machine. (5.) Find the weight that may be thus sup- 
ported, (c.) What power will support a weight of 4,400 kilograms ? 

Recapitulation. — To be amplified by the pupil for 
review. 
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j ^Sec tion n. 

THE WHEEL AND AXLE AND WHEEL-WORK. 

179. The Wheel and Axle.— The wheel and 
axle coiisiBts of a wheel united to a cylinder in 
such a way that they may revolve together about 
a common, axis. It is a modified lever of the first 



ISO. Advimtages of the Wheel and Axle.— 

The ordinarr range of action of a lever of the first clues 

is very small. In order to raise the 

load higher than the vertical distance 

through which the weight end of the 

lever passes, it is necessary to si]|)port 

the load and re-adjust the fnlcrnm. 

This occasions an intennittentiiction 

and loss of time, dif&culties which are Fig. 46. 

obviated by using the wheel and axle. 

181. A Modified Lever. — Considered as a lever 
of the first class, the fnlcrum is at 
the common axis, while the arms of 
the lever are the radii of the wheel 
and of the axle. If a c, the radius 
of the wheel, he osed as the jwwer- 
arm, velocity or time is exchanged 
for intensity of power. This ia the 
usual arrangement. If be, the radius 
of the axle, be used as the power-' 

% - 




Fig. 47- 
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arm, there will be an exchange of intensity of power for 
velocity or time. In treating of the wheel and axle, unless 
otherwise specified, reference is made to the former or usual 
arrangement. 

183. Formulas for Wheel and Axle.— The 
law and formula for the lever apply here : 



P \ W :i WF : PF, or, P : W :: r i R, 

the radii of the wheel and of the a^le respectively being 
represented by R and r. But it is a geometrical truth 
that in any two circles, the ratio of their radii is the same 
as the ratio of their diameters or circumferences. Hence 

these ratios may be substituted for 
the ratio between the radii of the 
wheel and axle ; or, 




P : W 


:: r : R. 


P : W 


:: d: D. 


P : W 


\\' C • 0. 



Fig. 48. 

183. Law of Wheel and Asie.—The power 
multiplied by the radius, diameter or circum- 
ference of the wheel equals the weight multiplied 
by the corresponding dimension of the axle. 

Note, — If the radius of the axle be made the power-arm, the for- 
mulas wiU be as follows : 

P iW\x WF :PF, or, P . W .: D : d. 

184. Various Forms of Wheel and Axle.— 

The wheel and axle appears in various forms.. It is not 
necessary that an entire wheel be present, a single spoke 
or radius being suflBcient for the application of the power. 
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aa in tha case of the windlass (Fig. 48) or capstan (Fig. 49). 
In all such cases, the radius being "^^-i^^^ 
giyen, the diameter or circnmrerence jErJl 

of the wheel may be easily computed. ^^^^^^^^ 
In one of the most common form^, <C^W fl^^^B 

the power is applied by means of a py -- -^e^^sm^ j 

rope wound around the circumference Fig. 49. 

of the wheel. When this rope is 

unwound by the action of the power, anotlicr rope is wound 

up by the axle, and the weight thus raised. 

185. Wheel-work. — Another method of secnring 
" " a great difterenoe in the in- 
tensities of balancing forces, 
is to use a combination of 
■wheels and axles of moder- 
ate size. Snch a combination 
constitutes a train. Tlie wheel 
that imparts the motion is 

1 called the driver ; that which 

receives it, the follower. An 

Fig. 50, ^^^6 wit^ teeth upon it is 

called a pinion. The teeth or 

cogs of a pinion are called leaves. 

186. Law of Wheel-work.— A train of wheel- 
work is cleElrly analogous to a componnd lerer* ; the statical 
law, given in % 171, may bo adapted to our present pur- 
poses as follows : The continued product of the power 
and the radii of the wheels equals the continued 
product of the weight and the radii of the axUes. 

187. Another Law of Wheel-work. — By 
examination of Fig. 50, it will be seen that while the axle 
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d revolves ODce, the wheel and pinion c will revolve as 
many times as the number of leaves borne by c is con- 
tained times in the number of teeth borne by /. In like 
manner, while the wheel c revolves once, the wheel and 
pinion i will revolve as many times as the number of leaves 
borne by i is contained times in the number of teeth 
borne by c. By combination of these results, we see that 
while d revolves once, i will have as many revolutions as 
the product of the number of leaves is contained times in 
the product of the number of teeth. From this it follows 
that the ratio between the continued product of the cir- 
cumference (diameter or radius) of d into the number of 
leaves on the several pinions and the continued product of 
the corresponding dimension of h into the number of teeth 
on the several wheels will be the ratio between the dis- 
tances or velocities of W and P, and therefore the ratio 
between the intensities of balancing weights or forces. 

In short, the continued product of the power, the cir- 
cumference of a and the number of teeth on c and / 
equals the continued product of the weight, the circum- 
ference of d and the number of leaves on the pinions c 
and h 

188. Example. — Suppose the circumferences of a 
and d to be 60 mm. and 15 mm. respectively ; that h has 9 
leaves ; c has 36 teeth and 13 leaves ; / has 40 teeth. 

Then will 

P X 60 X 36 X 40 = W X 15 X 13 X 9. 

189. Ways of Connecting Wheels.— Wheels 
may be connected in three ways : 

(1.) By the friction of their circumferences. 
(2.) By bands or belts. 
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(3.) By teeth or cogs. 

The third of these methods has been already considered. 

190. Uses of the First Two Ways.— The first 
method is used where no great resistance is to be overcome, 
but where evenness of motion and freedom from noise are 
chiefly desired. It is illustrated in some sewing-machines. 
The second method is used when the follower is to be at 
some distance from the driver. Tlie friction of the belt 
upon the wheels must be greater than the resistance to be 
overcome. It is illustrated in most sewing-machines, and 
in the spinning-wheel. 

191. Relation of Power to Weight De- 
termined. — The follower will revolve as many times 
as fast as the driver, as its circumference is contained 
.times in that of the driver. The problem of finding the 
distances passed over in a given time by the power and 
weight, and thence the relative intensities of the power 
and the weight, thus becomes an easy one. 

ExBECiSES. — The Wheel and Axle. 

Remark, — ^The circumference of a circle is 3.1416 times greater 
than its diameter. 





i 
1 


1 


DUCBNSIONS. 


H 


R 
? 


D 





r 


d 


c 


1 


SSlbB. 

t 

88 lbs. 

9Kg. 

1341 Kg. 

195 lbs. 

?. 

8 lbs. 

8 lbs. 

491ba. 

13 oz. 


1 
TSOKgr. 
830 lbs, 

158 Kg. 

? 

? 
80 Kg. 
48 lbs. 
40 lbs. 

? 

? 




l&COai. 

f 

as in. 






4 ft. 


8 






60 cm. 


3 

4 




15 ft. 


? 
17 cm. 


6 








80 cm. 




6 






15 in. 


7 


Im. 
8dm. 




4 cm. 
? 
? 






8 

9 

10 

11 


16 in. 
16 in. 


78.74 in. 


? 
7 In. 


• • • • • • 

10 cm. 



102 



WHEEL- WORK. 



^y\ 12. The pilot-wheel of a boat is 3 feet in diameter ; the axle, 6 
inches. The resistance of the rudder is 180 pounds. What power 
applied to the wheel will move the rudder? 

^ 13. Four men are hoisting an anchor of 1 ton weight ; the barrel 
of the capstan is 8 inches in diameter. The circle described by the 
handspikes is 6 feet 8 inches in diameter. How great a pressure 
must each of the men exert ? 

14. With a cai)stan, four men are raising a 1000 pound anchor. 
The barrel of the capstan is a foot in diameter ; the handspikes 
used are 5 feet long ; friction equals 10 per cent of the weight. 
How much force must each man exert to raise the anchor *t 

15. The circumference- of a wheel is 8 ft. ; that of its axle, 16 
inches. The weight, including friction, is 85 pounds ; how great a 
power will be required to raise it ? 

16. A power of 70 pounds, on a wheel whose diameter is 10 feet, 
balances 300 pounds on the axla Give the diameter of the axle. 

17. An axle 10 inches in diameter, fitted with a winch 18 inches 
long, is used to draw water from a well, (a) How great a power will 
it require to raise a cubic foot of water which weighs 62^ lbs. % ijb^ 
How much to raise 20 litres of water ? 

18. A capstan whose barrel has a diameter of 14 inches is worked 
by two handspikes, each 7 feet long. At the end of each handspike 
a man pushes with a force of 30 pounds ; 2 feet from the end of 
each handspike, a man pushes with a force of 40 pounds ; required 
the effect produced by the four men. 

19. How long will it take a horse working at the end of a bar 7 
feet long, the other end being in a capstan which has a barrel of 14 
inches in diameter, to pull a house through 5 miles of streets, if the 
horse walk at the rate of %\ miles an hour ? 

Recapitulation. — To be amplified by the pupil for 



review. 



WHEEL 
AND AXLE. 



DEFINITIONS. 

ADVANTAGES. 

RELATION TO THE LEVER. 

FORMULAS AND LAWS. 

FORMS. 



WHEEL WORK. 



DRIVER. 
FOLLOWER. 
LAWS. 

CONNECTIONS. J Modes. 

( Uses. 
t RELATION OF P TO W 



THE PULLET, 



103 



j ^Se.C TION III. 

THE PULLEY AND THE INCLINED PLANE. 

193. What is a Pulley?-- ./i pulley consists of 
a wheel turning upon an axis and having a cord 
passing over its grooved circumference. The frame 
supporting the axis of the wheel is called the block. 

193. A Fixed Pulley. — ^The advantages arising 
from the use of a pulley depend upon the uniform tension 
of the cord. If a cord be passed over a 
puUey fixed to the ceilings a weight being 
at one end and the hand applied at the 
other, the tension of the cord will be uni- 
form, and the hand will have to exert a 
force equal to the weight of the load.. If 
the weight be moved, the hand and weight 
will move equal distances. It is evident, 
ihen, that the fixed pulley affords no 
increase of power, but only change 
of direction, 

194. A Movable Pulley.— If one 

end of the cord be fastened to the ceil- 
ing, the load suspended from the pulley, 
and the other end of the cord drawn up 
by the' hand, it will be evident, from the 
equal tension of the cord, that the fixed 
support carries half the load and the hand 
the other half. It is also evident that to 
raise the weight one foot the hand must 
pull up two feet of the cord; that is to Fig. 52. 




Fig. 51. 
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say, each section of the cord canying the weight must be 

shortened one foot. Thus the hand, by liftiog 50 pounds 

two feet, is able to raise 100 pounds one foot. It is to be 

noticed that we have here no creation or increase of 

energy, icoi-king power, but that we do 

secure an important trangTormation of 

velocity into intensity. 

195. A Combination of Pul- 
leys.— By the use of several fixed and 
movable pulleys in blocks, the number 
3f parts of the cord supporting the mov- 
ible block may be increased at pleasure, 
[n all such cases, the tension of the cord 
irill be uniform, and the part of the cord 
ki which the poweV is appHed, will carry 
>nly a part of the load. The value 
)f this part of the load depends npou 
;he number of sections into which the 
novable pulley divides the cord. 

Flo. 53. 196. Law of tlie Pnlley.— ■ 

With a piUley having a contin- 
uous cord, a given power wiU support a 
weight as many times a^ great as'Uself as 
there are paHs of the cord supporting the 
movable block. 

197, Concerning the Number oi 
Parts of tlie Cord. — By observing the sev- 
eral figures of pulleys in this section, it will be. 
seen that when the fixed end of the cord is at- 
tached to the fixed block, the number of parts of 
Fig 54. the cord supporting the weight is twice the nnm- 
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ber of moyable pulleys used ; that wbdn the fixed end of 
the cord is attached to the movable block the number of 
parts of the cord is one more than twice the number of 
movable pulleys used. ^:-7 -\ n . ^ ^ 

198. What is an Inclined Plane?— 1%^ in^ 

dined plane is -a smooth, hard, inflexible surface 
inclined^ so as to mahe an oblique angle with the 
direction of the force to be overcome. In most cases it 
is a plane surface inclined to the horizon at an acute angle, 
and is used to aid in the performance of work against the 
force of gravity. 

199. Resolution of the Force of Gravity.— 

When a weight is placed upon an inclined plane, the force 
of gravity tends to draw it vertically downward. This 
force may be resolved into two forces (§ 91), one acting per- 
pendicularly to the plane, producing pressure completely 
resisted by the plane, the other component acting opposite 
to the direction of the power which it is to counterbalance. 
The first component shows how much pressure is exerted 
upon the plane; the other shows what force must be 
exerted to maintain equilibrium. The value of the second 
component will, plainly, vary with the direction of the 
power. 

200. Three Cases.— In the use of an incUned plane, three 
cases may arise : 

(1.) Where the power acts in a direction paraUel to the length of 
the phine. 

(2.) Where the power acts in a direction parallel to the base of the 
plane (geneiaUy horizontal). 

(3.) Where the power acts in a direction parallel to neither the 
length nor the base of the plane. 

201. The First Case. — In the accompanying figure, let 
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Zif represent a plane inctinedto the horizontal line LN. Let A 

represent a ball weighing 20 Kg, The 
^M problem is to find what force acting in the 
direction XiTwill hold it in equilibriiim.. 
The weight of the body ^ is a downward 
force of 20 Kg., which may be graphically 
. j^ represented (§ 81) by the vertical line AG, 
20 mm, in length. Any other convenient 
3 nnit of length might be nsed, but the 
scale of 1 mm. to the Kg. being adopted, 
it must be mainuiined throughout the 
problem. The force represented \}j AC 
is resolved into two components repre- 
sented by ADy perpendicular to LM, and by AB, parallel to it. The 
former component measures the pressure to be resisted by the plane ; 
the latter component measures the force with which the ball is 
drawn towards L. This second component is to be balanced by the 
equal and opposite force AB^, the equilibrant of AB, It may be 
proved geometrically that 

AB : AC : : MN : ML. {Olneffs Geometry, Art. 341.) 
Careful construction and measurement will give the same result. 
But AB, or rather its equal AB*, represents the power ; AG repre- 
sents the weight ; MN represents the height ; and ML, the length 



Fig. 55. 



h 



of the plane. Therefore, 

P : W '.:h :l, or, P = the ^ part of W. 

303. Law for the First Case.— In the figure 
above, ML is twice the length of MN", and AC is twice the 

length of AB or AB'. This indi- 
cates that a force of 10 Kg, acting in 
the direction LM would hold the 
ball in equilibrium. This result may 
be easily verified by experiment 
We may therefore establish the fol- 
lowing law : When a given power 
dots parallel to the plane, it iviU 
support a weight as many times as great as itself as 
the length of the plane is times as great as its verti- 
cal height. 




lOKg. d 



Fig. 56. 
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203. Law for the Second Case.— By resolving 
the force of gravity, or by experi- 
ment, the following law may be 
established : When a given power 
acts paraUel to the base, it mill 
support a weight as many 
times as great as itself as the 
horizontaZ base of the plane is 
tim^s as great as its vertical 
height* 

/^204J The Third Case.~For the third case,' the power 

I acting in a direction pandle] to neither the length nor the base of 

' the plane, no law can be given. The ratio of the power to the 

weight may be determined by resolving the force of gravity, as 

above explained, the construction and measurement being carefully 

done. 

EXEBCISES. 

Remark, — ^The first problem may be read : 

(a.) In a system of pulleys, the weight being supported by two 
sections of the cord, a power of 25 lbs. will support what weight ? 

(&.) In an inclined plane, the power acting in the direction of the 
length of the plane, the height of the plane being 3 ft., what must 
be the length that the same power may support the same weight? 
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11. With a fixed pollej, wliat power will support a weight of 50 
pounds? 
<^ 12* With a movable pulley, what power will support a weight of 
50 pounds? "*' *' 
J, 13. What is the greatest effect of a system of 3 movable and 4 
'^ fixed pulleys, the power applied being 75 pounds ? 

14. With a system of 5 movable pulleys, one end of the rope 
being attached to the fixed block, what power will raise a ton ? 

15. If in the system mentioned in the problem above, the rope be 
attached to the movable block, what power will raise a ton ? 

16. With a pulley of 6 sheaves in each block, what is the least 
power that will support a weight of 1,800 pounds, allowing \ for 
friction ? What will be the relative velocities of P and W ? ' 

17. Figure a set of pulleys by which a power of 50 pounds will 
support a weight of 250 pounds. 

18. The height of an inclined plane is one-fifth its horizontal 
base. A globe weighing 250 Kg. is supported in place by a force 
acting at an angle of 45° with the base. The pressure of the globe 
upon the plane is lem than 250 Kg, By construction and measure* 
ment, determine the intensity of the supporting force. 

19. With the conditions as given in the last problem, except that 
the pressure of the globe upon the plane is more than 250 ^., de- 
termine the intensity of the supporting force. 

20. The base of an inclined plane is 10 feet ; the height is 3 feet' 
What force, acting, parallel to the base, will balance a weight of 
2tonst 

21. An incline has its base 10 feet ; its height, 4 feet : how heavy a 
ball will 50 pounds power rdU up f 

22. How great a power will be required to support a ball weighing 
40 pounds on an inclined plane whose length is 8 times its height ? 

23. A weight of 800 pounds rests upon an inclined plane 8 feet 
high, being held in equilibrium by a force of 26 pounds acting 
parallel to the base, find the length of the plane. 

24. A load of 2 tons is to be lifted along an incline. The power 
is 75 pounds ; give the ratio of the incline which may be used. 

25. A 1500 pound safe is to be raised 5 feet. The greatest power 
that can be applied is 250 pounds. Give the dimensions of the 
shortest inclined plane that can be used for that purpose. 

Recapitulation. — To be amplified by the pupil for 
review. 
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j ^SeC TION IV. 

THE WEDGE, SCREW, COMPOUND MACHINES, AND 

FRICTION. 

205. What is a Wedge?— ^ wedge is a mov- 
(Me inclined plane in 
which the power gener- 
ally a4!t8 parallel to the 
base. 




206. Its Use.— mi5 
wedge is used for moving 
great weights short dis- 
tances. The law is the Fig. 58. 
same as for the corresponding inclined plane. A common 
method of moving bodies is to place two similar wedges, 
with their sharp edges overlapping, under the load. 

Simultaneous blows of equal force are 
struck upon the heads of the wedges. 
In this case, the same force must be 
used upon each wedge as if only one 
Fig. 59. were used, but the power being doubled 



n 
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and the weight remEUDing the Bamo, the distance moTed is 
twice as great as when only one wedge is used- 
307. A More Common Use.— .^ rnore oom- 
Tnon kind of v>edge is that of two in- 
clined planes united at their bases. Such 
I wedges are nsed m splitting timher, stone, etc 
I The power is given in repeated blows instead 
of continued presenre. For a wedge thus ased 
no definite law of any practical value can be 
given, further than that, with a given thick- 
Fic. 60. less, the longer the wedge the greater the gmn 
J in iatendty of power. 

^ 208. What is a Screw?— .^ Screw is a cylin- 
der, generoMy of wood 
or metal, with a spiral 
groove or ridge winding 
about its cireumference. 
The spiral ridge is called 
the thread of the screw. 
The thread works in a nnt^ 
withia which there is a 
corresponding spiral groove J 
to receive the thread. Fig. 61. 

(ft.) The power is Dsed lo tnra the screw nithin a fixed nnt, or to 
turn the nut about a fixed screw. In oither case, a lever or wheel 
la generally used to aid the power. Every turn of the screw or nnt 
either pnahes forward the screw or draws back the nut by exactly 
the distance between two turns of the thread, this distance being 
measured in the direction of the axia of the screw. The weight or 
resistance at W is moved this distance, while the power at P moveei 
over the circnmfcrence of a circle whose radius la PF. The differ- 
ence between these distances is generally very great. Hence this 
machine afforda great iuteualty of power with » correepondlDg loss 
of velodty. 
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309. liaw of the Screw.— The second general 
law of machines (§ 167, [2]) may be adapted to our present 
purpose as follows : With the screw, a given power will 
support a weight as many times as great as itself as 
the circumference described by the power is times as 
great as the distance between two adjoining turns 
of the thread, 

310. The Endless Screw.— *^n. endless screw 
is one whose thread a^ts on the teeth of a wheel. 
The screw has a rotary but no 
lengthwise motion. As the han- 
dle is turned, the thread catches 
the teeth and turns the wheel 
The wheel moves one tooth for 
every turn of the handle. Suc- 
cessive teeth are caught as others 
pass out of reach. A continuous 
motion is thus produced ; hence 
the name ** endless screw." The 
figure will aid in the application of the second general law 
of machines to determine the ratio between the weight and 
the power. 

311. Compound Machines. — We have now con- 
sidered each of the six traditional simple machines. One 
of these may be made to act upon another of the same 
kind, as in the case of the compound lever or wheel-work ; 
or upon another of a different kind, as in the case of the 
endless screw. When any two or more of these machines 
are combined, the effective force may be found by comput- 
ing the effect of each separately and then compounding 
them ; or by finding the weight that the given power will 
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support^ using the first machine alone, considering the 
result as a new power acting upon the second machine, 
and so on. 

213. What is Friction ?— The chief impediment 
to the motion of machinery arises from friction, which may 
be defined as the resistance which a moving body 
meets tvith from the surface on which it moves. 

313. The Cause of Friction.— It is impossible, 
by any known means, to produce a perfectly smooth sur- 
face. Even a polished surface contains minute projec- 
tions which fit into corresponding depressions on the cor- 
responding surface. To produce motion of one surface on 
the other, these projections must be Ufted out, bent down, 
or broken off. 

314. Eight Facts Concerning Friction.— 

The following facts have been determined by experiment 
and may be easily illustrated in the same way : 

(1.) Friction is greatest at the beginning of motion. 
After surfaces have been in contact for some time, 
so that the projections of one have had opportunity 
to sink deeper into the depressions of the other, the 
resistance offered by friction is considerably in- 
creased. Every teamster and street-car driver is 
familiar with the fact 

(2.) Friction increases with the roughness of the 

surfaces. 
(3.) Friction is greater between soft bodies than 

hard ones, 

(4.) Friction is nearly -proportional to pressure, 

(a,) Place a brick upon a horizontal board. Around it fasten one 
end of a cord and pass the other end over a pulley so that it may 
hang vertically. Add just weights enough to keep the brick in 
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motion after it is started. The weights measure the friction. Place 
a second similar brick upon the first ; the moving force must be 
doubled. Place another similar brick upon the other two ; the 
original moving force must be tripled. 

(5.) Friction is not affected by extent of surface 
except vdthin extreme limits. In the case of 
the brick above mentioned^ the moving force will 
be the same whether the brick lie on its broad face 
or on its side. 

(6.) Friction is greater between surfaces of the 
same material than between those of differ- 
ent hinds, 

(a.) Bodies of the same material have the same molecular struc- 
ture (§ 10, a). Hence their little projections and cavities mutually 
fit each other as would the teeth of similar saws. A very little re- 
fiection will show that the element of similarity in molecular struc- 
ture (just as with the saws) is very important in determining the 
amount of friction. For this reason, the axles of railway cars being 
made of steel, the " boxes " in which they revolve are made of brass 
or other different metal. Hence the advantages of a watch "full- 
jewelled/' and hence the swiftness of the skillful skater. 

(7.) Moiling friction is less than sliding friction. 

(8.) Friction is diminished by polishing' or litbri- 
eating the surfaces. An unequalled example of 
friction reduced to its minimum is in the case of 
the joints of animals. 
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ExEBCiSES. — The Screw. 



Ko. 


P. 


W. 


0. 


d. 


No. 
8 


P. 


W, 


0. 


d. 


1 


15 lbs. 


? 


10 in. 


iin. 


? 


2500 Kg. 


3.6 m. 


1 cm. 


S 


6 Kg. 


? 


8 m. 


1cm. 


9 


4oz. 


eibB.. 


? 


7 in. 


8 


lib. 


? 


75 in. 


iin. 


10 


?lbB. 


7874 Ibe. 


1 m. 


Iin. 


4 


? 


480 lbs. 


15 in. 


iin. 


11 


8 Kg. 


800 Kg. 


20 cm. 


? 


6 


90 lbs. 


800 lbs. 


? 


Hn. 


13 


3oz. 


864 oz. 


? 


Iin. 


6 


25Ib8. 


? 


8fl. 


Iin. 


13 


100 IbB. 


? 


10 ft. 


|in. 


7 


2 lbs. 


198 lbf>. 


4 ft. 


? 


14 


100 lbs. 


? 


10 ft. 


iin. 
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^l 15. A book-binder baa a press ; tbe tb/eads of its screw are ] in. apart; 
tbe nut is worked by a lever wbicb describes a circumference of 
8 ft. How great a pressure will a power of 15 lbs. applied at tbe end 
of tbe lever produce, tbe loss by friction being equivalent to 240 lbs. ? 

16. A screw bas 11 tbreads for every incb in lengtb. If the 
lever is 8 inches long, tbe power, 50 pounds, and friction is J of ]lie 
energy used, what resistance may be overcome by it ? 

17. A screw with tbreads 1} in. apart is driven by a lever 4J ft 
long ; what is tbe ratio of tbe power to the weight ? (See Appendix A.) 

18. How great a pressure will be exerted by a power of 15 lbs. 
applied to a screw whose head is one inch in circumference and 
whose threads are ^ inch apart ? 

19. At tbe top of an inclined plane which rises 1 ft. in 20 is a wheel 
and axle. Radius of wheel = 2 J ft. ; radius of axle = 4^ in. What load 
may be lifted by a boy who turns the wheel with a force of 25 lbs. ? 

20. The crank of an endless screw whose threads are an inch 
apart describes a circuit of 72 inches. The screw acts on the 
toothed edge of a wheel 60 inches in circumference. On the axle 
of this wheel, which is 10 inches in circumference, is wound a cord 
which acts upon a set of pulleys, 3 in each block. The effect of the 
pulleys is exerted upon the wheel of a wheel and axle. Tbe diam- 
eters of the wheel and of the axle are 4 ft. and 6 inches respec- 
tively* What weight on tbe wheel and axle may be lifted by a 
force of 25 lbs. at tbe crank, allowing for a loss of J by friction ? 

i^ 21. An endless screw which is turned by a wheel 10 ft. in circum- 
ference acts upon a wheel having 81 teeth ; this wheel has an axle 
18 inches in circumference ; the power is 75 lbs. Find tbe value of 
the weight that may be suspended from the axle. 
22. In moving a building the horse is attached to a lever 7 feet 

. ^ long, acting on a capstan barrel 11 inches in diameter ; on the barrel 
winds a rope belonging to a system of 2 fixed and 3 movable pul- 
leys. What force will be exerted by 500 pounds power, allowing 
J for loss by friction ? 

Recapitulation. — To be amplified by tlie pupil for 
review. 

uicnri: J DEFINITION. 

WtUUti. ^ TWO USES AND THE LAW FOR EACH. 

( DEFINITION. 

SCREW. \ LAW. 

( ENDLESS SCREW ; Its Advantages ; Relation of P to W. 

COMPOUND MACHINES ; relation of p to w. 

(DEFINITION. 

FRICTION.^ CAUSE. ^_ 

I EIGHT FACTS. 
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Review Questious and Exercises. 

1. (a.) What is a machine? (&.) What is a machine good for? 
(c.) State the general laws of machines and (d) illustrate bj the^ 
pulley ^ 

2. (a.) What are the arms of a lever? (b\ WhnX is meant by the 
moment of a force ? {c.) Illustnte the equ^Uty of moments in ma- 
chines by the wheel and axle. ^) ' 

^3. (fl.) What are the respective advanta^s to be gained by the 

several classes of levers ? (&.) Explain the advantage gained by a 
claw hammer in drawing a nail, (c.) What is meant by doable 
weighing ? 

4. With a lever of given length, in which class will a given 
power yield the greatest intensity of effect f 

5. (a.) To what kind of a lever is ordinary clock-work analogous? 
(&.) Show why. "" ^ — 

6. (a,) Does it require move work to lift a barrel of flour into a 
wagon four feet high than to place it there by rolling it up a plank 
12 feet long ? (6.) Show why. 

7. (a.) Give the static law for the inclined plane when the power 
acts parallel to the plane. (6.) When it acts parallel to the horizon, 
(c.) Figure a system of pulleys by means of which ft weight of 5 
pounds will support a weight of 25 x)ounds. y^ 

8. (a.) Figure a system of 4 movable pulleys by means of which 
a weight of 3 lbs. will support a weight of 27 lbs. (&.) Deduce 
the formula for the screw f ron^ one of the general laws of machines. 

9. (a.) In raising a boy from a deep well by means of a common 
rope and pulley> what disadvantages arise from friction ? (&.) What 
immense advantage ? 

10. (a.) Explain the cause of friction. (6.) Why is friction between ^ 
iron and iron g^reater than that between iron and brass t C^y \ v ^ u 

H. («.) How may the centre, of gravity of a ring be determin^fikf 
p.) What is the value^in inches of the metric unit. of length ? / 

12. A body moving with an energy of 20 foot-pounds, strikes the 
end of the arm of a lover of the first class, four feet from the 
fulcrum, (a.) How many foot-pounds will be exerted by the other 
end of the lever, 6 feet from the fulcrum ?; (ft.) How far would it 
raise a weight of 4 pounds ? 

13. Deduce the Astatic law for the inclined plane, first case^ by 
resolution of the force of gravity. 

14. (a.) What force is necessary to overturn a body ? (ft.) What 
difference between the forces producing uniform and accelerated 
velocities ? (<;.) Show that the screw is a modified inclined plane. 
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HYDROSTATICS, 

315. Incompressibility of Liquids.— Liquids 
are nearly incompressible. A pressure of 15 pounds to 
the square inch compresses distilled water only gfloVotf 

part of its volume ; it compresses 
mercury only one-tenth as much. 
This virtual incompressibility of 
liquids is of the highest practical 
importance. 

216. Transmission of 
Pressure. — Fluids can trans- 
mit pressure in every direc- 
tion, upward, downward, and 
sidewise at the same time. 

(a.) This property of Uqoids may be 
illustrated by the apparatus repre- 
sented in Fig. 63. The globe and 
cylinder being filled with water and 
the several openings in the globe 
Fig. 63. closed by corks, a piston is poshed 
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down the cylinder. The preasnre thaa received &nd tTansmltted hy 
the confined water. expels the cork and thmwB a jet o( water from 
each apertara - (See Appendix DO 

(b.) The explanation of this property of fluids may bo seen by 
reference to Hg. 64, i«presenting five malecalea of any fluid. It a 
downward preaaure be applied to 1, it 
will force 2 toward the right and 3 tow- 
ard the left, thus forming lateral pree- 
Bure. When thna moved, 3 will force 4 
upward and 5 downward. Owing to the 
freedom with which the molecules more 
on each other, there is no loss by friction, 
and the downward pressure of 5, the 
Fig. 64. upward pressure of 4, and the lateral 

pi«esure of 3, will each equal the pres- 
sure exerted by 1. It makea no difference with the fact, whether 
the pressare exerted b; 1 was the result of Its own weight only. 
this weight together with the weight of overlying molecalea, or 
both of these with still additional forces. 

SIT. Pascal's Jjaw.— Pressure exerted any- 
where upon, a mass of 
liquid is transmitted un- 
diminished in all direc- 
tions, and acts with, the 
same force upon aU equal 
surfaces and in a direc- 
tion at right angles to 
those surfaces. 

HIB. An Ai^rnment ft-om 
Pa»cal*B Law.— Fill with water 
a vessel of any shape, having in 
its udea apertuTM whose areas are p^^ g. 

respectively as 1, 3 and 8, each 

aperture being dosed with a piston. Suppose the pistons to move 
without friction and the water to have no weight ; then there will 
be no motimi. Suppose that the piston whose area la represented 
by 1 rests upon 1000 molecules of the water ; then will the piston 
Bt 2 rest upon 2O00, and that at 3 upon 3000 molecules of water. 
If now a pressure of one pound be applied to the piston at 1, this 
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Fig. 66. 



pressure is distributed among the 1000 molecules upon whicli it 

presses. Owing to this freedom of 
motion, these molecules will transmit 
this pressure to those adjacent, and 
these to those beyond, until every 
molecule of water in the vessel exerts 
a pressure equal to that exerted upon 
any one of the molecules upon which 
the pressure was originally exerted, 
i. e.t every thousand molecules in the 
vessel will exert a force of one pound. 
Then will the 2000 molecules at 2 
exert a force of two pounds and the 

3000 molecules at 3 will exert a force of three pounds. 

319. An Important Principle.— The foregoing 
argument may be summed up as follows: WTien fluids 
are subjected to pressure, the pressure sustained by 
any part of the restraining surface is proportional 
to its area, 

320. Experimental Proof.— The above principle, 
which we deduced from Pascal's law, may be verified by ex- 
periment. Provide two com- 
municating tubes of unequal 
sectional area. When water is 
poured into these, it will stand 
at the same height in both 
tubes. If by means of a piston 
the water in the smaller tube 
be subjected to pressure, the 
pressure will force the water 
back into the larger tube and 
raise its level there. To prevent 
this result, a piston must "be 

fitted to the larger tube and held there with a force as 
many times greater than the force acting upon the other 





Fig. 67. 
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piston S8 the area of tho larger piston is times greater than 

the area of the smallor one. If, for example, the Bmaller 
piston have an area of 1 eq. cm. and 
the larger piston an area of 16 sq. 
cm., a weight of 1 Kg. may be made 
to support a weight of IG Kg. 

2S1. Pascal's Experiment 
— Pascal firmly fixed a very nan'ow 
tube about 30 ft. high into the head 
of a stout cask. He then filled the 
cask and tube with water. The 
weight of the small amount of 
water iu the tube, producing a pres- 
snre as many times greater than 
itself as the inner snrface of the 
cask waa times greater than the 
sectional area of the tube, actually 
burst the cask. 
Fig. 68. 233. xho Hydro- «M . 

static Bellows. — The hydrostatic bellows ^^ 

consists of two hoards fas 

a broad band of stout leai 

vertical tube coimnunicat 

terior. If the tube haye a 

sq, cm., the downward press 

will be one gram for every 

centimeter of depth of water 

in the tnbe. If the upper 

board, B, have a snr&ce of 

1000 sq. cm. exposed to the 

water in the bellows, it irill- 

be pressed upward with a tic 69. 



BroaosTATics. 



force of 1000 g. for every gram of downward presgnte at S. 
If the tube be 3 meters high the downward pressure at E 
vill be 300 g., and the upward pressure exerted on B will 
be 200 g. X 1000 = 200,000 g. or 200 Kg. 



Fig, jo. 
333. The Hydrostatic Press.— The hydrostatio 
press, often called the Hydraulic, or Bramah's press, acts 
upon the same principle. It is represented in perspective 
by Fig. 10 and in section by Fig 71. "Instead of the 
downward pressure prodnced by the weight of the water 
in the tube, pressure is produced by the force-pump. Iq- 
Btead of the two boards and the leather band, a large, 
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strong reseryoir and a piston, working water-tight, are 
nsed. The snbBtance to be pressed is placed between K, 
the head of the piston, and an imtnoTable plate MN. The 
reservoir and the cylinder of the pamp are connected 
by the tube d. By the action of the pump, the water in 
the cylinder A ia Buhjected to presanre, and this pressure 
ia transmitted undiminished to the water in B. According 
to the law giren in § S19, the power exerted upon the 
lower surfaces of the two pistons is proportional to their 
respectiTe areas. Bat the force exerted by the water upon 
the under suriace of the piston in the pump is the same as 
the fOTce exerted npon the water hy that piston, (equality 
of action and reaction). The piston a ia generally worked 
by a lever of the second class, resulting in a still further 
gain of intensity of power. If tho power arm of the lerer 
be ten times as long as the weight-arm, a power of 50 Kg. 
at the end of the lever will exert a pressure of 500 Kg. 
npon the water in A. If the piston in A have a sectional 
urea of 1 sq. cm. and the pistoD in £ have au area of 500 
6 
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Bq. cm^ then the pressure of 500 Eg. exerted by the small 
piston will produce a pressure of 500 Kg. x 500 = 250,000 
Eg. upon the lower surface of the large piston. Hence 
the following rule: 

Multiply the pressure exerted by the piston of the 
pump by the ratio between, the sectional areas of 
the two pistons. 

(a.) The sccompatijring Bgare shows a device doe to Ritchie of 
BoBtOQ. It consieteof a base B ; a sliding platform P guided b;tHO 
vertical pUlare ; a bellows-fonned rubbef bag 
conaectlag the base and platform ; and a bag ot 
daek F, fitted witli a cap and cork. The flask is 
connected with the base bj flexible tabing. A 
weight W is placed upon the platform. Fill 
the globe with water, and elevate it ; the pres- 
sure of the column will force the water into the 
bellows, raising the weight ; lower the globe, 
and the weight will force the water back 
Into it. / ■ , /I v-^ 

384. Liquid Pressxire Due to 

Gravity. — The pressure exerted by 
liquids, on account of their weight, may 
be downward, upward, or lateral. Pres- 
sure in any other direction may be re- 
solved into two of thesa We shall now 
Fig. 71. briefly consider these three kinds of 
liquid pressure. 

335. Downward Pressure.— ?7te pressure on 
the bottom of a vessel containing a liquid, is in- 
dependent of the quantity of the liquid or the 
shape of the vessel, hut depends upon the depth 
and density of the fluid and the area of the 
bottom. 
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{a.) PhscaI contrived ft neat experiment to verify this principle. 
The apparatus consists of a wooden support carrying a ring into 
which may be screwed any one of three veHselB, one cylindrical, one 
widening upward and one narrowing upward, straight or bent. On 
the lower ^de of the ring is a plate a, supported by a thread from 
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one end of an ordinary balance. The other end of the balance 
carries a scale-pan. Weights in the scale-pan hold the plate a 
■gainst the ring with a certain force. Water is carefully ponred 
into M until the preasare forces o3 the plate and allows a little 
of the water to escape. A rod marks the level of the liquid 
when this takes place. Repeating the experiment with the same 
weights in the scale-pan, and either P or Q in the place of M, 
the plato will be detached when the water has reached the same 
h^gbt although the quantity of water Is much leas. 

336. Bnle for Downward Pressure.— When 

the cylindrical vesBel, mentioned in the last paragraph, is 
filled, it is evident that the downvard pressure is eqtial to 
the weight of the conttuned liquid. It is further evident 
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that the weight of the couaterpoise ia the scale-pan, the 
weight of the liquid coutained in P, and the downward 
pressure exerted on the plate by the liquid contained in 
M, P, or Q are eqnaL We therefore deduce the following 
mle: 

To find the dowtvward pressure on a horizontal 
surface, find the weight of an imaginary cotunvn 
of the given liquid, whose base is the same as tiie 
given surface, and whose altitude is ihe same as 
the depth of the given surface helow the surface 
of the liquid. 

Note.— it. cubic foot of wkter w^lie about 1000 ouucee, fiS^ 
pounds (more exactly K.43 lbs.). 

337. Upward Pressure.— Some persons have dif- 
ficulty in understanding that liquids hare upward pres- 
sure. This upward pressure may 
be illustrated as follows: Take a 
glass tube open at both ends, hav* 
ing at i ts lower end a glass or mica 
disc supported from its centre 
by a thread. If this apparatus 
be placed in water, the tube 
being vertical, the upward pres- 
sure of the water will hold the 
disc in its place. If the disc does 
not accurately fit the end of the 
,' tube, water will be forced into the 
tube, and gradually fill it from 
Fig. 74. below. If the disc does fit accu- 

rately, as is desirable, pour water 
carefully into the tube. In either case, the disc will be 
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held in place against the force of gravity until the level of 
the water within the tube is very nearly the same as that 
in the outer vessel. The disc will not fall until the weight 
of the water in the tnhe plus the weight of the disc equaU 
the upward presaaro. 

Note. — A. Ismpchimnej anawers the purpose of this experiment. 
On the glsBB disc pour a little fine emerj powder, and on this nib 
the end of the lamp-chimnej nntil the^ fit accoratelj. The string 
may be fastened to the disc with wax. 

338. Rule for Upward Pressure.— To find 
the upward pressure on any horizontal surface, 
find the weight of an imaginary column of the 
given liquid whose hose is tlie same as the given 
surface, and whose altitude is the same as the 
depth of the given surface below the surface of 
the liquid. 

329. The Hydrostatic Paradox. — It may seem 
Btrango at Hret thought that vessels whose bottoms are 
subjected to eqnal pressure, like those represetited in Fig. 
75, do not exert equal pressures upon the stand supporting 
them ; in other words, that they do not weigh the same. 
The diflBculty will be removed by Femembering that the 
pressure on the bottom of the vessel is only one of 
the elements which combine to produce the preS' 

sure upon the 

stand. By refer- C 
enoe to the figure, 
which represents 
three vessels of un- 
equal capacity but 
having equal pres- J^ 
sures upon the bot- 
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tom^ it will be seen that the weight may be the resultant 
of several forces, compounded according to the first and 
second cases specified in § 80. 

330. Lateral Pressure. — ^We have already seen 
that downward and upward pressure are proportional to 
the depth of the liquid. Owing to the principle of equal' 
transmission of pressure in all directions^ the same holds 

true for lateral pressure, the 
effects of which are some- 
times disastrously shown by 
the giving way of flood-gates, 
dams, and reservoirs. 

(a.) These effects of lateral 
pressure may be safely illus- 
trated by a tall vessel provided 
with a stop-cock near its base, 
and arranged to float upon the 
water. When this vessel is filled 
with water, the lateral pressure 
at any two points at the same 
depth and opposite each other 
Fig. 76. will be equal. Being equal and 

opposite they will neutralise each other and produce no motion. If 
now the stop-cock be opened, the pressure at that point tending to 
drive the apparatus in a'certain direction, say toward the left, is re- 
moved ; the pressure at the opposite point tending to drive the 
vessel toward the right, being no longer opposed by its equal, will 
now produce motion and the vessel will float in a direction opposite 
to that of the spouting water. Instead of being floated upon water, 
the vessel may be supported by a long thread. The same principle 
is illustrated in Barker's MiU. (Fig. 91.) 

231, Rule for Lateral Pressure. — To find the 
pressure upon any vertical surface, find the weight 
of an imaginarnj column of the liquid whose base 
is equal to the given surface and whose altitude 
is the same as the depth of the centre of the given 
surfoAie below the surface of the liquid. 
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; ^ , ^ /^"^ Exercises. 

1. Wliat will be the pressure on a dam in 20 feet of water, the 
dam being 30 feet long * 3 / ^ ^u 

2. What will be the pressure on a dam in 6 m. of water, the dam 
being 10 m. long ? / f^'ro A V 

A, 3. Find the pressure on one side of a cistern 6 feet square and 13 
^feet high, filled with water. J, J2 ^' f I 
^ 4. Find the pressure on one side of a 9istipm 3 m. square and 4 v^. 
'high, filled with water. , ' ^ j'^ ]) A' ^ 

5. A cylindrical vessel having a base of a sq. yd., is filled yrith 
^water to the ^pth ofjbwo ya^. Wliat pressure is exerted upon 

the base? i , :, /C • \o ^ 

6. A cylindrical vessel having a base of a sq, m. is filled with water 
to the depth of two meters. What pressure is exerted upon the 
base? 

7. What will be the upward pressure upon a horizontal plate a 
foot square at a depth of 35 ft, of water ? / J b ^ , 3 ~ 

^ ^•\^ 8. What will be the upward pressure upon a horizontal plate 80 

'• 'ucm, square at the depth of 8 m. of water? 7 ^ \ ^ ' 

,\ 0. A square board with a surface of 9 square feet id pressed 

' against the bottom of the vertical wall of a cistern in which the 

water is 8f feet dee^. What pressure does the water exert upon 

the board? ^^ - ^^ "f 

^ 10. A cubical vessel with a capacity of 1728 cubic inches is two- 
thirds full of sulphuric acid, which is 1.8 times as heavy as water. 
Find the pressure on one side. ^. ■--■/ \ f 

^i ' 

_: / altl 

^ Find the pressure on the bottom. Ans. 8295 g. 

12. In the above problem, substitute inches for centimeters, and 
then find the pressure on the bottom, v ^^ Q /. 

13. What would be the total liquid pressure od a prismatic vessel 
containing a cubic yard of water, the bottom of the vessel being 2 
by 3 feet? 

14. The lever of a hydrostatic press is 6 feet long, the piston-rod 
being 1 foot from the fulcrum. The area of the tube is one-half 
square inch ; that of the cylinder is 100 square inches. Find the 
weight that may be raised by a power of 75 lbs. 

15. What is the pressure on the bottom of a pyramidal vessel 
filled with water, the base being 2 by 3 feet, and the height, 5 feet? 

10. What is the pressure on the bottom of a conical vessel 4 feet 
high filled with water, the base being 20 inches in diameter? 



1/ 11. A conical vessel has a base with an area of 237 sq. em. Its 
altitude is 38 em. It is filled with water to the height of 35 cm. 
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Recapitulation* — In this section we have considered 
Incompressibility; the Transmission of Pres- 
sure with Explanation and Illustration ; Pas- 
cal's Law with Argument and Conclusion 
therefrom; one of Pascal's Experiments i the 
Hydrostatic Bellows; the Hydrostatic Press; 
Downward Pressure with experimental illastra- 
tions.; Rule for computing downward pressure; Up- 
ward Pressure with experimental illustrations; 
Rule for computing upward pressure; Lateral 
Pressure with experimental illustrations; Rule for 
computing lateral pressure. 



EQUILIBRIUM.— CAPILLARITY.— BOUYANCY. 

232. Conditions of Liquid Best.— The force 
of gravity tends to draw all liquid particles as near the 
earth's centre as possible. The following are necessary 
conditions, that a liquid may be at rest : 

(1.) The free surface of the liquid must be 
everywhere perpendicular to the force of gravity, 
i. e,y horizontal. In the case of the ocean, this condition 
is modified by the so-called centrifugal force, which gives 
rise to the spheroidal shape of the earth. 

(2.) Every molecule must he subjected to equal 
and contrary pressures in every direction. 

233. Equilibrium of Liquids.— A liquid of 
small surface area is said to be level when all the points of 



KQVILIBRIUM. 1^9 

its sniface are in tlie same horizontal plane. The central 
idea is espressed in the 
familiar sajiog, water 
seeks its level. This 
ia true whether the 
liquid be placed in a 
single veaael or in sev- 
eral vessels that com- 
manicaUj with each 
other. 



S34. Commnni- 

catln^ Vessels.— 

When any liqaid is 

, , . ^ Fig. 77. 

placed m one or more 

of several veBsele commnnicating with each other, it tvill 

not come to rest until it stands at the same height 

in all of the vessels, so that all of the free snrTaces lie 

in the same horizontal plane. This principle ia prettily 

illustrated by the apparatus represented in Fig. 77. It 

consists of such communicating vessola containing a liquid. 

(a.) TLis important principle tbat " water seeks its level " finds a 
^gantic illustration in the sjatem of water-pipes by nluch water is 
distributed in dtles and large towns. ~ Bmugbt or pumped into an 
elevated reservoir near tbe city, the water flows, in obedience to the 
force of grayitj, through all the turns and windings of all the pipes 
connected with the reserroir, and Is thns brought into thousands of 
bnlldings. Into any of the moms of any of these houses the water 
may thus be led, pr&tjided mdy that the ends of the pipea be below 
the level of the wat«r in the reservoir. 

(t.) Among the many other resnlts of this tendency of water to 
seek its level may be mentioned the action of springs and Artesian 
wells, the use of locks on canals, the spirit-level, the flow of 
streams, etc 
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335. Capillary Attraction. — The statements 
made concerning the equilibrium of liquids are subject to 
one important modification. When the vertical sides of 
the containing vessel are very near each other, as in the 
case of small tubes, the force of adhesion manifests itself 
in a way known as capillary attraction. 

336. Capillary Phenomena.— K a clean glass 
rod be placed vertically in water, the water will rise above 
its level at the sides of the glass. If the rod be now 
plunged into mercury, this liquid will be depressed instead 
of rpised. If the experiments be repeated, it may be noticed 
that the water wets the glass while the ^mercury does not. 
If the glass be smeared with grease and placed in water, 
the surface of the water will be depressed; if a clean lead 
or zinc plate be placed in the mercury the surface of the 
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mercury will be raised. In this case the greased glass will 
come out dry, no water adhering to it, while mercury will 
adhere to the lead or zinc. This is found to be invariably 
true: ciR liquids that vjUI wet the sides of solids 
pldced in them Tvill he lifted, while those that do 
not will be pushed down. In the figiire, a represents 
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a glass rod in water; h, a glass tabe in water; and c, a 
glass tube in mercnry. 

(a.) This fonu of adheeioii is known as capUluy AttTsction be- 
oose its phenomena an best shown In tubes as fine «s a hidi (Latin 
eapilltui). If fine glass tabes be placed In water, the liquid will 
rise, wet the tube, and have a concaTS surrace. If thej' be placed In 
mercury, the liquid nill be depressed, will not wet the tube, and 
will have a couTez surface. 3%c JIn«r tlte tube, tbt greater th« 
. eapUlarg aieent or depreuion. ^^ n , ,' ; 

387. Displacement of a Fluid by an Jm- 
niersed Solid. — vi solid iTnmersed in a fluid will 
displace exactly its own bulk of the fluid. This may 
be prOTed, if desirable, by plunging a heavy body of known 
rolume, as a cubic centimeter of iron, into water contained 
in a glass yessel gradaated to cubic centimeters. The 
water will rise just as if another cnbic centimeter of water 
had been added. Thus, the volume of any irregularly 
shaped body may be fonnd. ^ ^ 

238. Archimedes' Principle.— i^e loss of 
weight of a body immersed in a fluid equals the 
weight of the fluid which it displaces. 

(a.) It is a familiar fact that a person maj eaalljr ndse to the sur- 
face of the water a stone which he cannot lift any further. When 
an arm or leg is lifted oat of the water of a liath-tnb, there is a 
sadden and very perceptible increase of weight at the surface. Let 
aa try to find a reason for these familiar truths. Imagine a cube, 
six centimeters on a side, immersed in water so 
that four of Its sarfaces are vertical and its 
upper horismtal surface twelve centimeters 
below the surface of the water. The lateral 
pressures which the water exerts upon any two 
opposite vertical surfaces are clear)}' equal and 
opposite. They will have no tendency to move 
the body. Bat the vertical pressures upon the 
two horizontal surfaces are not equal. The 
lower face will be preased npward with a force 
lepteeented by the weight of (6 x 6 x 16 =) Fig- 79. 
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643 eu. em. at water (see % 238) while the upper face wUl be pressed 
downward with a force represented by the weight of (6 x 6 x 13 —) 
43S eu. em. of water. The resultant ot all theee forces, therefore, 
will be an upward pressure represented by the weight of (048 - 433=) 
S16 eu. ON. of water. But 31S ev.. em. Is the volume of the cube. 
Thi» vpward presture <w buoyant fffort is exerted againtt the furee of 
gravU;/, and diminishes the weight of the cube. 

339. An Experimeutal Demonstration.— 

This principle of Arcbimedes may be experimentally veri- 
fied as follows : From one end of a scale-beam suspend a 



cylindrical bncket of metal, h, and below tbat a solid cyl- 
inder, a, wbich accurately fits into the bucket. Counter- 
poise with weights in the opposite scale-pan. Immerse a 
in water and the counterpoise will descend, showing that a 
haa lost some of its weight. Carefully fill h with water. 
It will hold exactly the quantity displaced by a. Equili- 
brium will be restored. 
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(a.) Insert a short sx>oat in the side of a vessel (as a tin fruit-can) 
about an inch below the top. Fill the vessel with water and let all 
above the level of the sx>out escape. This is to replace the vessel 
of water in which a (Fig. 80) is immersed. Instead of the bucket, 
&, use a cup placed on the scale pan. Instead of a, use any con- 
venient solid heavier than water, as the fragment of a stone. Coun- 
terpoise the cup and stone in the air. Immerse the stone in the 
water and catch, In any convenient vessel, every drop of water that 
overflows. This will be the fluid that the solid displaces. The 
equilibrium is destroyed, but may be restored by pouring the y 
water just caught into the cup on the scale-pan. /:^„^'y^^iyc^\^y^ 

240. Floating Bodies.— When solids of different 
densities are thrown into a given liquid, those having den- 
sities greater than that of the liquid ^^55^^^^--.^ 
will sink, because the force of gravity \^3i 
overcomes the buoyancy of the liquid ; ifi^Hi 
those having densities equal to that of v~ii 
the liquid will remain at rest in any IBf" 
position in the liquid, because the op- #-fi^^ 
posing forces, gravity and buoyancy, ^^^ ^ 
are equal; those having densities less ^igTsi. 
than that of the liquid will float, because the force of 
gravity will draw them down into the liquid until they 
displace enough of the liquid to render the buoyant eflTect 
equal to the weight Hence, a floating hotly displaces 
its own weight of the fluid. This may be shown ex- 
perimentally by filling a vase with water. When a float- 
ing body is placed on the surface, the water displaced will 
overflow and may be caught. The water thus caught will 
weigh the same as the floating body. 

(a,) Place the tin vessel with a spout, mentioned in the last 
article, upon one scale-pan, and fill it with water, some of which 
will overflow through the spout. When the spout has ceased 
dripping, counterpoise the vessel of water with weights in the 
other scale-pan. Place a floating hodj on the water. This will 
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destroy the equilibrium, but water will overflow through the spent 
until the equilibrium is restored. This shows that the floating 
body has displaced its own weight of water, 

/ / ' Exercises. 

1. How much weight will a cu, dm, of iron lose when placed in 
water ? 

2. How much weight would it lose in a liquid 13.6 times as heavy 
as water 9 

3. If the cu, dm, of iron weighs only 7780 g., what does your 
answer to the 2d problem signify ? 

4. How much weight would a cubic foot of stone lose in water 9 

5. If 100 cu. em. of lead weigh 1135 g., what will it weigh in 
virater ? 

6. If a brass ball weigh 83.8 g, in air and 73.8 g, in water, what is 
Its volume ? 

7. If a brass ball weigh 83.8 oz. in air and 73.8 oz. in water, what 
is its volume 9 

Becapitulation. — In this section we have considered 
the Conditions of Liquids at Rest ; the Equi- 
librium of liquids in Single and Communica- 
ting Vessels ; the M^ater Supply of cities ; the 
Equilibrium of Different Liquids in commu- 
nicating vessels; Capillary Attraction and some 
of its Phenomena ; Capillary Tubes ; the 
quantity of a Fluid Displaced by an immersed 
solid; the Buoyancy of Fluids ; Archimedes' 
Principle ; several Explanations of Archimedes' 
Principle and its Experimental Verification ; 
Floating Bodies. 
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SPECIFIC GRAVITY. 

241. What is Specific Gravity t—The specific 
gravity of a "body is the ratio between its weight 
and the weight of a like volume of some other 
substance taken as a standard, 

242. Standard of Specific Gravity.— The 

standard taken must be invariable. For solids and liquids^ 
the standard adopted is distilled water at a tern- 
perature of Jf" C, or 39, 2"" F. For afiriform bodies, the 
standard is air or hydrogen. 

(a.) The water is to be distilled, or freed from all foreign sub- 
stances, because the weight of a given quantity of water varies with 
the substances held in solution. It is to be at a fixed temperature 
because of the expansion bj heat. The temperature above men- 
tioned is that of water at its greatest density. In cases where air or 
hydrogen is taken as a standard, the additional condition of atmos- 
pheric pressure must, for obvious reasons, be recognized. The pres- 
sure to which all observations in this country are reduced is that 
recorded by 80 inches (760 mm,) of the barometer. 

243. Elements of the Problem.— i^or solids 
or liquids, the dividend is the weight of the given 
body ; the divisor is the weight of the same bulk 
of water ; the quotient, which is an abstract number, is 
the specific gravity, and signifies that the given body is so 
many times heavier than the standard. The weight of the 
same bulk of water is found sometimes in one way and 
sometimes in another, but in every case it is the divisor. 
By grasping and keeping this idea, you will avoid much 
possible confusion. Of course, when any two of these 
three are given, the third can be found. 
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24A. To Find the Specific Gravity of Solids. 

— The most common method of finding the specific grar< 
ity of a solid heavier than water, is to find the weight of 
the body in the air (= W), then suspend the body by a 
light thread and find its weight in water (= W), and 
divide the weight of the body in air by the weight of the 
Bame bulk of water (§ 238, Archimedes' Principle). 

(a.) The method is illustrated by the following example ; 
Weight of snbBtikiice in air = G81 oz. 

Weight of substance in water = 51 oz. 
Weight of equal bulk of irater = 7^ oz. 
Specific gravity = 58J oz. -i- TJ oz. = 7.8, Am. 



245. To rind the Specific Gravity of Solids 
I^ighter than Water.— If the given body be lighter 
than water, fiisten to it some body heavy enough to aink 
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it. Find the loss in weight of the combined mass when 
weighed in water. Do the same for the heavy body. 
Subtract the loss of the heavy body from the loss of the 
combined body. Divide the weight of the given body by 
this difference. (Show that this divisor is as indicated in 
§ 243.) A modification of this method is to balance the 
sinker in water. Then attach to it the light substance in 
question, e. g., a cork, and determine the buoyant effort of the 
cork, i. e., the weight of its bulk of water. Divide as before. 

(a.) The first method is illustrated bj the following example : 

(1.) Weight of cork and iron in air 82.4 g. 

(2.) '* " " " " water 52.4 g. 

(3.) " " water displaced by cork and iron.... 30. g. 

(4.) " " iron in air ^ 77.8 g. 

(5.) " " " water ..:..67.8g. 

(6.) '* " water displaced by iron 10. g. 

(7.) " ■" '* " cork (3) - (6). . . .20. g. 

(8.) '* " cork in air (1) - (4). . . 4.6 g. 

(9.) Specific gravity of the cork (8) -4- (7) 23 

(10.) " " " iron (4)-^ (6). . . . 7.78 



c 



246, To Find the Specific Gravity of 
Liquids. — The principle is unchanged. A simplie 
method is as follows: Weigh a flask first empty; next, 
full of water ; then, full of the given hquid. Subtract the 
weight of the empty flask from the other two weights ; 
the results represent the weights of equal volumes of the 
given substance and of the standard. Divide as before. 
A flask of known weight, graduated to measure 100 or 
1000 grams or grains of water is called a specific gravity 
flask. Its use avoids the first and second weighings above 
mentioned, and simplifies the work of division. 

247. Another Simple Method.— The specific gravity of 
a liquid may be easily determined as follows : Find the loss of 
weight of any insoluble solid in water and in the given liquid. 
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From § 238, determine what these two losses represent. Divide as 
before. The solid used is called a specific gravity bulb. 

Other methods are sometimes used, but as thej depend upon the 
principles already explained, thej need not be set forth here. 
Some of them will be illustrated in the problems. 

348. To Find the Specific Gravity of Gases. 

— ^The specific gravity of an aeriform body is always found 
by comparing the weight of equal volumes of the standard 
(air or hydrogen) and of the given substance. The method 
is strictly analogous to the one first given for liquids. The 
air is removed from the flask with an air-pump — ^an in- 
strument to be studied soon. The accurate determination 
of the specific gravity of gases presents many practical dif- 
ficulties which cannot be considered in this place. 

Note. — The weight of any solid or liquid (in ^rams per cu, em.) 
represents its specific gravity. Bodies are commonly weighed in 
the air. But, in common with all other fluid bodies, t?ie ttir has 
weight and thefrefore (§ 238) diminislies tJie true weight of all bodies 
thus weighed. This diminution is generally disregarded, but in 
certain delicate operations it must be carefully considered. 

249. Hydrometers. — ^Instruments, called hydrom- 
eters or areometers, are made for the more convenient de- 
termination of specific gravity. They dispense with the 
use of the balance, an instrument requiring careful hand- 
ling and preservation. Hydrometers are of two kinds : 
(1.) Hydrometers of constant volume, as Nicholson's. 
(2.) Hydrometers of constant weight, as Beaume's. 

250. Mcholsou's Hydrometer.— Nicholson's 
hydrometer is a hollow cylinder carrying at its lower end 
a basket dy heavy enough to keep the apparatus upright 
when floated on water. At the top of the cylinder is a 
vertical rod carrying a pan a, for holding weights, etc . 
The whole apparatus must be lighter than water, so that a 
certain weight (= IF,) must be put into the pan to sink 
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FiC, 83. 
the apparatus to a fixed point marked on the rod (as c). 
The given body, which must weigh less than W, ia placed 
in the pan, and enough weights (= ro) added to sink the 
point c to the water line. It is evident that t)ie weight of 
the ^ven body is tT — vs. It ia now taken from tlie pan 
aod placed in the basket, when additional weights (= x) 
mmt be added to dnk the point c to the water line. 

Sp.Gr.= '^^^. (Why?) 
251. Fahrenheit's Hy- 
drometer. — Fahrenheit's Hy- 
drometer is similar in form to 
Nicholson's, but is made of glaes 
instead of metal, so that it may 
be used in any liquid. The bas- 
ket ia replaced by a bulb loaded 
with shot or mercury. The 
weight of the instmment (=TP) 
is aecnrately determined. The 
inetniment ia placed in water, ^^^- 84- 
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and a weight (= w\ sufficient to sink the point c to the 
water line, is placed in the pan. The weight of water dis- 
placed by the instrument = W + w. The hydrometer is 
now removed, wiped dry, and placed in the given liquid. 
A weight (= x)y sufficient to sink the hydrometer to c, is 
placed in the pan. 

Note.-^A. Nicholson's hydrometer maj be used as a Fahrenheit's 
in any liquid which has no chemical action upon the metal of which 
it is made. Neither of these hydrometers gives results as accurate 
as those obtained by the methods previously given. 

252. Constant Weight Hydrometers.— A 

hydrometer of constant weight consists of a glass tube near 
the bottom of which are two bulbs. The lower and smallei 
bulb is loaded with mercury or shot. 
The tube and upper bulb containing air, 
the instrument is lighter than water. 
The point to which it sinks when placed 
in pure water is generally marked zero. 
The tube is graduated above and below 
zero, the graduation being sometimes 
upon a piece of paper placed within the 
tube. As a long stem woufd be incon- 
venient, it is customary to have two in- 
struments, one having zero near the 
top, for liquids heavier than water ; the 

other having zero near the bulb, for 
liquids lighter than wajter. The scale of graduation is arbi- 
trary, varying with the purpose for which the instrumeot is 
intended. These instruments are more frequently, used to 
determine the degree of concentration or dilution of certain 
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liquids^ as acids, alcohols^ milk^ solatlons of sugar^ etc., 
than their specific gravities proper. According to their 
uses' they are known as acidometers, alcoholometers, lac- 
tometers, saccharometers, etc. They all depend upon the 
principle that a floating body will displace its own weight 
of the liquid upon which it floats, and, consequently, a 
greater volume of light than of heavy liquids. 

353. Tables of Reference.— (1.) Specific gravities 
of some solids: 

Bnu38. 8.38 

Iron (bar) 7.78 

Tin (cast) 7.29 

Iron (cast) 7.21 

Zinc (cast) 6.86 

Flint Glafis 3.33 



Iridium 23.00 

Platinum 22.069 

Gold (forged)... 19.36 

Lead (cast) 11.35 

Silver (cast) 10.47 

Copper (cast). . . 8.79 



Marble (statuary). 2. 83 
Anthracite Coal. .1.80 
Bituminous Coal. 1.25 

Ice (melting) 92 

Pine 65 

Cork 24 



(2.) Specific gravities of some liquids: 



Mercury 13.6 

Sulphuric Acid.. 1.84 
Hydrochloric Acid 1.24 



Nitric Acid 1.22 

Milk 1.03 

Sea Water 1.026 



Turpentine 87 

Alcohol 8 

Ether 72 



(3.) Specific gravities of some gases: (Barometer = 760 
mm. ; Temperature = 32° F. or 0° C.) 



AiB = Standard. 

Hydroiodic Acid 4.41 

Carbon Dioxide 1.52 

Oxygen 1.1 

Air 1.0 

Nitrogen 97 

Hydrogen 069 



Hydrogsn = Standard. 

Hydroiodic Acid 64 

Carbon Dioxide 22 

Oxygen 16 

Air 14.5 

Nitrogen 14 

Hydrogen. 1 



Note. — The weight of a cubic foot of any solid or liquid is equal 
to 62.421 lbs. avoirdupois multiplied by its specific gravity. 

The weight of a cubic centimeter of any solid or liquid is equal 
to 1 gram multiplied by its specific gravity. 

The weight of a liter (or cu, dm) of any solid or liquid is equal 
to 1 Kg. multiplied by its specific gravity. 

The tables above give only average densities. Any given speci- 
men may vary from the figures there given. 
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EXEBGISES. 

Note, — Be on the alert to recognize Archimedes' Principle in 
disguise. Consider the weight of water 62^ lbs. per cubic foot 

The numbers obtained for the right hand column may be either 
plus or minus ; the former sign denotes weight in the fluid ; tlie 
latter, the load it could support in the fluid. 



No. 


Weight 
in Air. 


Weight 
in Water. 


LOBB of 

Weight in 
Water. 


Spec. 
Qrav. 


Volume. 


Ant Fluid. 


Sp,Gr.of 


Weight in 


1 


1500 lbs. 


1000 lbs. 


? 


? 


fen ft. 


1.5 


? 


2 


6000 oz. 


? 


1600 oz. 


? 


? 


? 


2000 oz. 


3 




1876 g. 




2 


? 


1.8 


9 

• 


4 




U375g. 




? 


? 


1.6 


4687.5 g. 


6 




? 




7.6 


aOOca. cnL 


2.5 


? 


6 




1125 Ib8. 




? 


? 


3 


875 IbB. 


7 




9 

• 




? 


8 en. ft 


13.6 


2700 IbB. 


8 


Y 


? 




6.86 


6 CO* dm. 


13.6 


t 


9 


IKg. 


? 




1 


? 


? 


200 g. 


10 




? 




2.88 


10 en. ft. 


.8 


? 



11. A bone weighs 2.6 ounces in water and 6.6 ounces in air-, 
what is its specific gravity ? 

12. A body weighing 453 g. weighs in water 429.6 g.; what is its 
specific gravity ? 

13. A piece of metal weighing 52.35 g. is placed in a cup filled 
with water. The overflowing water weighed 5 g. What was the 
specific gravity of the metal ? 

14. (a.) A solid weighing 695 g. loses in water 83 g. ; what is its 
specific gravity ; (6) how much would it weigh in alcohol of specific 
gravity 0.792? 

15. A 1000 grain bottle will hold 708 grains of benzoline. Find 
the specific gravity of the benzoline. 

\^ 16. A solid which weighs 2.4554 oz<4n air, weighs only 2.0778 oz. 
in water. Find its specific gravity. 

17. A specimen of gold which weighs 4.6764 g. in air loses 0.2447 
g. weight when weighed in water. Find its specific gravity. 

18. A ball weighing 970 grs., weighs in water 895 grs., in alcohol 
910 grs.; find the specific gravity of the alcohol. 

19. A body loses 25 grs. in water, 23 grs. in oil, and 19 gra. in 
alcohol. Required the specific gravity of the oil and the alcohol. 
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30. A body weighing 1536 g. weighs in water 1283 g.; what is its 

specific gravity ? 

21 Calcalate the specific gravity of sea water from the following 

data. 

Weight of bottle empty 8.5306 g. 

filled with distilled water.... 7.6722 g. 

sea "... 7.7849 g.' 

22. Determine the specific gravity of a piece of wood from the 
following data : Weight of wood in air, 4 g. ; weight of sinker, 
10 g.; weight of wood and sinker nnder water 8.5 g.; specific 
gravity of sinker, 10.5. 

23. A piece of a certain metal weighs 3.7395 g. in air ; 1.5780 g. 
in ^ater ; 2.2896 g. in another liquid. Calcalate the specific grav- 
ities of the metal and of the unknown liquid. 

24. Find the specific^ravity of a piece of glass if a fragment of 
it weigh 2160 grains in air, and 1511^ grains in water. 

25. A lump of ice weighing 8 lbs. is fastened to 16 lbs. of lead. 
In water the lead alone weighs 14.6 lbs. while the lead and ice weigh 
13.712 lbs. Find the specific gravity of the ice. 

26. A piece of lead weighing 600 g., weighs 545 g. in water and 
557 g. in alcohol, (a) Find the sp. gr. of the lead ; (6) of the 
alcohol, {e.) Find the bulk of the lead. 

27. A person can just lift a 300 pound stone in the water ; what 
is his lifting capacity in the air (specific gravity of stone = 2.5) ? 

In the next three examples, the weight of the empty fiask is not 
taken into account. 

28. A liter flask holds 870 g. of turpentine ; required the sp. gr. 
of the turpentine. 

29. A liter flask, containing 675 g. of water, on having its remain- 
ing space filled with fragments of a mineral, was found to weigh 
1487.5 g. ; required the specific gravity of the mineral. 

30. A liter flask was four-fifths filled with water ; the remaining 
space being filled with sand the weight was found to be 1350 g. ; 
required the specific gravity of the sand. 

31. A weight of 1000 grs. will sink a certain Nicholson's hydrom- 
eter to a mark on the rod carrying a pan. A piece of brass plus 40 
grs. vrill spk it to the same mark. When the brass is taken from 
the pan ijxA. placed in the basket, it requires 160 grs. in the pan to 
sink the hydrometer to the same mark on the rod. Find the specific 
gravity of the brass. 

32. A Fahrenheit's hydrometer, which weighs 2000 grs., requires 
1000 grs. in the pan to sink it to a certain depth in water. It requires 
3400 grs. in the pan to sink it to the same depth in sulphuric acid, 
find the specific gravity of the acid. 
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33. A certain body weighs just 10 g. It is placed in one of the 
scale-pans of a balance together with a flask full of pure water. 
The given body and the filled flask are counterpoised with shot in 
the other scale-pan. The flask is removed, and the given body 
placed therein, thus displacing some of the water. The flask being 
still quite full is carefully wiped and returned to the scale-pan, 
when it is found that there is not equilibrium. To restore the 
equilibrium, it is necessary to place 2.5 g. with the flask. Find the 
specific gravity of the given body. 

34. The volume of the earth is 1,062,842,000,000,000 ca. Em. 
Calculate its weight on the supposition that its average density is 
5.6604. 

35. A bottle holds 2545 mg. of alcohol (sp. gr. = 0.8095) ; 42740 
mg. of mercury ; 5829 mg. of, sulphuric acid. Calculate the specific 
gravities of the mercury and of the acid. 

36. A piece of cork weighing 2.3 g. was attached to a piece of 
iron weighing 38.9 g., both were found to weigh in water 26.2 g., the 
iron alone weighing 33.9 g. in water. Require^'the specific gravity 
of the cork. 

37. A piece of wood weighing 300 grs. has tied to it a piece of 
lead weighing 600 grs.; weighed together in water they weigh 472.5 
grs. The specific gravity of lead being 11.35, (a) what does the lead 
weigh in water ; (6) what is the specific gravity of the wood ? 

38. Calculate the specific gravity of a mineral water from the 
following data: 

Weight of a bottle empty 14.1256 g. 

" " filled with distilled water. .111.1370 g. ^ 

" '* *' *' mineral '* .. 111.7050 g. * 

39. A Fahrenheit's hydrometer weighs 618 grs. It requires 93 grs. 
in the pan to sink it to a certain mark on the stem. When wiped 
dry and placed in olive oil it requires only 31 grs. to sink it to the 
same mark. Find the specific gravity of the oil. 

40. A platinum ball weighs 330 g. in air, 315 g. in water and 308 g. 
in sulphuric acid. Find the specific gravities (a) of the ball ; (6) of 
the acid, (c.) What is the volume of the ball ? 

41. A hollow ball of iron weighs 1 Eg. What must be its least 
volume to fioat on water ? 

42. A piece of cork weighing 30 g. in air, was attached to 10 cu. 
cm. of lead. Loss of both in water = 159 g. Required the specific 
gravity of the cork. 

43. A body whose specific gravity = 2.8, weighs 37 g. Required 
its weight in water. 
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44. What would a cable feot of coal (sp. gr. = 2.4) weigh in a 
solution of potash (sp. gr. = 1.2) ? 

45. A platinum ball (sp. gr. = 22) weighing 800 g. in air will 
weigh how much in mercury (sp. gr. = 18.6) ? 

46. 500 cu. cm. of iron, specific gravity 7.8, floats on mercury ; 
with what force is it buoyed up ? 

47. An areometer weighing 600 grs. sinks in water displacing a 
volume = « ; in a certain acid, displacing a volume = ^^ d ; find 
the specific gravity of the acid. 

Recapitulation. — In this section we have considered 
the Definition of Specific Gravity ; the Stan- 
dards agreed npon ; the T^vo Elements in specific 
gravity problems; the Rule for finding the sp.gr. of 
Solids heavier than Water ; the same for Solids 
lighter than "Water ; the same for Liquids ; the 
same for Gases ; the construction and methods of 
using Hydrometers ; Tables of specific gravities, 
and some of the uses that may be made of them. 



^Sec tion iv. 

HYDROKINETICS. 

254. Velocity of Spouting Liquids.— If a 

vessel having apertures in the side, similar to the one 
represented in Fig. 86, be filled with water, the liquid will 
escape from each of the apertures, but with difierent veloc- 
ities. Were it not for the resistance of the air, friction, 
and the effect of the falling particles, the water issuing at 
F would ascend to the level of the water in the yessel; 
t. «., the initial velocity of the water at V would carry it 
through the vertical distance Vh, But when equal verti- 
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cal distances are passed orer, the iaitial velocit; of &d asceod* 
ing body ia the same aa the final relocitj of a falling body, 
(g 133.) Hence, the velocity of the water as it isBuea at V is 
the same that it would acquire in freely falling the yertical 
distance A V. This velocity ie caused by lateral preseure. 
Thia lateral preBsnre will be the same at P, which is at the 
same distance below the level of the liquid. Therefore, tlift 
velocity at P will eqaal the velocity at V. Hence the fol-'i 
lowing law : The velocity of a stream flowing from 
an orifice is the same as that acquired by a body 
freely falling from a height etfual to the head cf 
the I 



(a.) The head Is the vertical dlBtance from the centre of tbe 
orifice to the surface of the Uqaid. ^ 

(b.) With what Telocity will wftter imne from ui orifice 144.72 fl. 
below the surface of the liquid ? 

S = igt' (g 128 [3].) 

144.72 = 1808i' .-. 9 = <•. 



I 



\ 
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(e.) In the solution above we were obliged to find the. number of 
seconds that would be required for a body to fall a distance equal 
to the head, before we could use the formula for the velocity. It is 
desirable, if possible, to shorten this circuitous process from two 
stages to one. This we may do aa follows : 

B=igf .: t = \/^ 

Substituting this value of < in the formula, v = gt^ 

a 
But h (the head) = 8, Substituting this value of 8 in the last 
equation, we have, for the velocity of streams issuing from orifices, 
the following formula : 

V = {^2gh = y'fiim'rr) 8.02 v^a; 

The value of g being taken in feet, h and v must represent feet 
valso. 

{d.) With what velocity will water issue from an orifice under a 
[ead of 144.72 feet f 

« = 8.02 V'i44.73 = 8.03 x 13.03 = 96.48, the number of feet. 

%^^. Orifice of Greatest Range.— The path of 
• a stream spouting in any other than a vertical direction is 
the curve called a parabola (§ 135). The range of such a 
stream will be the greatest when it issues from an orifice 
midway between the surface of the liquid and the level of 
the place where the stream strikes. Streams flowing from 
orifices equidistant above and below this orifice of greatest 
range will have equal ranges. (See Fig. 86.) The range, 
in any such case, may be calculated by the laws of pro- 
jectiles. 

^ (a.) Given an aperture four feet below the surface and 20 ft. 
above the point where the water strikes, to find the range of the 
Jet 

« = 8.02 >y/S = 8.03 X 3 = 16.04 ft. per second. 

8^\gi^ 

30 = 16.08<« .-. t = 1.11 + sec. 
Bange = 16.04 ft. x 1.11 = 17.8044 ft. 
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256. Volume Discharged under a Constant 
Head. — To find the volume discharged in a given 
time under a constant head, multiply the area of 
the orifice by the velocity, and this product by the 
nuniber of seconds. 

{a,) Suppose tliat as soon as the water escapes it freezes and re- 
tains the form and size given it hj the aperture. It will then he 
evident that the water escaping' in one second will form a prism 
whose section will he the area of the orifice and whose length will he 
the same as the velocity of the jet The product of these dimensions 
will give the volume of the imaginary prism, one of which is formed 
every second. . .Care must he had that the velocity and the dimen- 
sions of the orifice are of the same denomination. The theoretical 
result computed as ahove directed, wlU exceed the amount actually 
discharged. Why ? (See Appendix E.) 

257. The Flow of Liquids through Hori- 
zontal Pipes. — When liquids from a reservoir are 
made to flow through pipes of considerable length, the 
discharge is far less than that due to the hea^d. 
This is chiefly owing to the friction of the liquid particles 
against the sides of the pipe. A horizontal inch-pipe 200 
feet long will not discharge much, if any, more than a 
quarter as much water as a very short pipe of the same 
size, the head being the same. Frequent and abrupt 
bends in the pipe retard the flow, and must be provided for 
by an increase in the size of the pipe, or an increase of 
pressure. 

258. The Flow of Rivers.— The friction of a 
stream against its solid bed fortunately retards the velocity 
of the water. Otherwise the velocity of the current at 
the mouth of a river, whose head is elevated 1000 feet 
above its mouth, would be about 170 miles per hour. 
Such a current would be disastrous beyond description. 



Ij» 
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The ordinaiy river cnrrent is from three to five miles pei 
hour. 

g69. The Flow of 
Liquids through Verti- 
cal Pipes.— Liquids flowing 
freely through Tertical pipes 
exeH no lateral pressure. 
The liquid will not wholly 
fill the tnbe, but will be sur- 
rounded by a thin film of air. 
These air particles will be 
dragged down by the adhe- 
sion of the Jailing liquid. 
If ft small tube t be inserted 
near the- top of the vertical 
pipe n current of air will be 
forced through it and down 
the pipe. This air current 
may be tttilized for blow- 
pipe and other pnrposes. - g 
With a long discharge pipe, 

the force with which the air is drawn through / 
may be used to remove the air from a vessel, R. Th3 
apparatus then becomes a Sprengel's or Bunsen's 
air-pump. {§§ 390, 291.) 

360. Water-power.— Water may be used to tarn a 
wheel and thus move machinery by its weight, the force of 
the current, or both. The wheels thus turned are of 
different kinds; the availability of any one being deter- 
mined by the nature of the water supply and the work to 
be done. 



150 BTDROSISETICB. 

261. The Overshot Wheel.— In the overshot 
wheel the water falls into buckets at the top, and by its 

weierht, aided by the 

of the current, 

the wheel. Ae 

luckets are gra- 

y inverted, the 

' is emptied, 

the load thus 

ved from the 

side of the 

L Such wheels 

re but little 

Fig. 88. water but a great 

fall It is said that 

they have been made nearly 100 feet in diameter. The 

water is led to the top of the wheel by a isluifx, GH. 

262. The Breast Wheel.— In the breast wheel, 
the water acts upon 
float boards fixed 
perpendicular to the 
circumferencb. The 
stream being received 
at or near the level 
of the axis, both the _L 
weight of the water ,^___^ 
and the force of the I I 
current may be ^ 
turned to account 

363. The Undershot Wheel.— In the under- 
shot wheel, the stream strikes, nenr the bottom of the 
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264. The Reac- 
tion Wheel. — The 

reaction vbeel ia ■well 
illostrsted b; Barker's 
Mill, represented in Fig. 
91. It constBts essential- 
ly of a vertical tube con- 
uectiDg with horizontal 
tubnlar arms at the bot- 
tom. The ends of these 
arms are bent in the 
same direction, and are 
open at their ends. The 
apparatns is supported 
on a pivot so as to move 
finely. Water is poured 
into the apper end of the 
verticEil cylinder, uid es- 
capes through the open- 
ings a and i, at the 
bent ends of the arms. 



wheel, against a few float 
boards, which are more or 
less submerged, and thus 
acts by the force of the 
current. 

Note. — In point of efflden- 
ej, these wheels rauk In the 
order above given, ntilizin); 
from 80 to 25 per cent, of the 
total energy of the stream. 



Fig. 91. 
The wheel revolres in a direction 
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oppodte to that of the water jets. The principle iavolved 
was explained in g 330. {See Appendix F.) 

'265^) The Torbiue Wheel.— The turbine wheel, of 
r which there are many varieties, is the most effective water- 
^ wheel yet known, utilizing, in some cases, 85 per cent, of 
the total enei^ of the stream. 



[J^ whic 







{a.) Tig. 03 represents one form in peispective and in horizontal 
section through the centre of the wheel and caae complete. The 
wheel B and the enclosing case D are placed on the floor of a pen- 
stock wholly sabmei^ed in water, under the preasiire of a coneid- 
erable head. The water enters, as shown by the arrows, through 
openings in B. which are so constmcted that it atriies the buckets 
of B iu the direction of greatest efficiency. After leaving the 
buckets, the "dead-water" escapes from the central part of the 
wheel, sometimes hy a vertical draft tube, best made of boiler-iron. 
The weight of the water in this tnbe increases the velocity with 
which the water strikes the backets, A central shaft. A, is carried 
by the wheel and communicates its motion to the raacliinory above. 
Tlie wheel it«elf rests npon a central pivot carried by cross-arma 
from the bottom of the outer case. The case D is covered with a 
top T, which protects the wheel from the vertical pressure of the 
water. The axis of the wheel passes through the centre of this 
cover. The openings by which the water passes to the wheel are 
called chutes. Sometimes a cylindrical collar, C, Is placed between 
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the wheel B and the outer case 2>. This collar, called a register 
gate, may be tamed aboat its axis by the action of a pinion, P, 
upon teeth placed upon the circumference of C. By means of the 
register gate, the size of the chute may be reduced and the amount 
of water used thus diminished. The water passages^ to and from 
the wheel, should be of such a size that the velocity of the water 
running through them shall not exceed one and a half feet per 
second. 

266. Lateral Pressure of Banning Water. 

— ^If water could flow through a pipe unimpeded {v = 8.02 
VA)> there would be no lateral pressure. But as the 
velocity is lessened by friction and other causes, this lateral 
pressure begins to be felt ; when the velocity is destroyed, 
lateral pressure has its full force again. Thus, a pipe is 
less likely to burst when carrying running water than when 
filled with water at rest. 

267. Bitrstingr Pressure.— If a current of water 
flowing in a pipe be suddenly stopped, much of its mo- 
mentum will be changed to lateral or bursting pressure. 
This takes place whenever the faucet of a water-pipe is 
suddenly closed. Plumbers frequently leave the ends of 
such pipes in a vertical position so that a quantity of air 
may be confined between the closed end of the pipe and 
the water below. This air by its elasticity acts as a pad or 
cushion, thus lessening the suddenness of the shock and 
preventing accidents. 

(a) This principle is practically applied in the '* hydraulic ram," 
a contrivance hy which the impulse of running water when sud- 
denly checked may he used to raise a part of the water through a 
vertical distance greater than the head. 

Exercises. 

1. A stream of water issues from an orifice at the hottom of a 
vessel containing water 169 feet deep. Give the velocity of the 
stream? 
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2. How much water issues in one hour from the orifice in the 
bottom of a vessel in which the water always stands 12 feet high, 
the orifice being ^Jj^ of a square inch ? 

8. How much water -per hour will be delivered from an orifice of 
2 inches area, 25 feet below the surface of a tank kept full, no 
allowance being made for friction, etc.? 

4. From an orifice, water spouts with a velocity of 96.24 feet. 
What is the head ? Am. 144 ft. 

5. An orifice is 16-08 feet above a horizontal floor. Water spouts 
to the distance of 80.2 feet. Required the head. 

6. Determine the formula for the velocity of spouting liquids, 
using meters instead of feet. Ans, v = 4.427 ^h. 

7. A stream of water issues from an orifice under a head of 25 
meters. Find the velocity of the stream. 

8. How many liters of water will fiow through an opening of 10 
sq. cm. in 20 seconds, the head being kept at 36 m. ? Ana, 531.24 1. 

9. How long will it take for 442,700 cu. cm. of water to escape 
through a hole 1 centimeter square and 100 meters below the surface 
of the liquid ? 

10. How long will it take to empty a tank having a base 8 m. by 
4 m. the water being 25 m. deep, by means of a sq. cm. hole in its 
bottom? 

Recapitulation. — In this section we have considered 
the Velocity of spouting liquids; the orifice of Great- 
est Range ; the method of computing the Volume 
discharged by an orifice when the Head is con- 
stant ; the flow of liquids through Pipes and Rivers ; 
the uses of "Water-po wer ; the five kinds of 'Water- 
wheels; the Lateral Pressure of running water; 
the Bursting Pressure when the current is suddfenly 
stopped. 

Review Questions aih) Exebcisbs. 

1. (a.) Define Physics. (&.) Define and illustrate four universal 
properties of matter. 

2. (a.) What is the difference between momentum and energy ? 
(&.) Find the momentum and (c.) kinetic energy of a 15 lb. ball 
moving fifty feet per second. ^ -2 
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3. (a.) Give the third law of motion and illustrate it. (5.) Qive 
the law of reflected motion. 

4. (a.) What would a 1470 lb. ball weigh at 10,000 miles above 
the earth ? (&.) Give the law that you use. 

5. (a.) How far will a body fall during the fourth second? (p.) 
How far in four seconds ? (e.) What will be its final velodtj ? 

6. The crank of an endless screw whose threads are an inch apart 
describes a circuit of 73 inches. The screw acts on the toothed 
edge of a wheel whose circumference is 90 inches and that of its axle 
13 inches. On the axle is wound a cord which acts on a set of pul- 
leys three in each block, the force of which pulleys is exerted on 
the wheel of a wheel and axle, the wheel being 4 feet and the axle 
8 inches in diameter. What weight oa the axle will be lifted by a 
power of 80 lbs. at the crank, allowing for a loss of one-third by 
friction ? 

7. (a.) What is the length of a pendulum making 35 vibrations a 
minute ? (&.) How nuiny vibrations are made per minute by a pen- 
dulum 35 inches long? 

8. (a.) What is a horse-i)ower ? (&.) A unit of work ? (e.) If a two 
horse-power engine can just throw 1056 lbs. of water to the top of a 
steeple in 3 minutes, what is the height of the steeple ? 

J^. (a.) What are the laws of machines? (J>.) The facts concerning 

Y friction? (c.) What is a lever? (d.) Figure a lever of each kind. 

In a lever of the second kind the power is 4}, the weight is 40^, the 

distance of the power from the weight is 18 in. (e.) What is the 

length of the lever ? (/.) What the length of the short arm ? 

10. If the diameters of the wheel and of the axle of a wheel and 
axle are respectively 60 in. and 6 in., and the power is 150 lbs., what 
weight will be sustained ? 

11. (a.) Draw a 'system of 8 fixed and 3 movable pulleys, (p.) If 
the power be 90 and the friction one-third, what weight can be 
raised! , / 

13. (a.) A weight of 13 i)ounds, hanging from one end of a five 
foot lever considered as having no weight, balances a weight of 8 
pounds at the other end. Find how far the fulcrum ought to be 
moved for the weights to balance when each is increased by two 
pounds. (&.) Give the law for the screw ? 

18. A capstan, 14 inches in diameter, has four levers each 7 feet 
long. At the end of each lever a man is pushing with a force of 
43 pounds. What is the efiect produced, one-fourth of the energy 
expended being lost by friction ? 






/ 
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PNEUMATICS. 



^Section 



THE ATMOSPHERE AND ATMOSPHERIC PRESSURE. . 

268. What is Fnevunatlcsl—Pneumatics is 

that branch of Physics which treats of aeriform, 
bodies, their mechanical properties, and the ma- 
chines by which they are used. 

S69. Tension of QaMes.—ffowever small their 
quantity, gases always fill the vessels in which they 
are held- If a bladder or India rub- 
ber bag, partly filled with air, and 
having the opening well cloBed, be 
placed Dnder the receiver of an air- 
pump, the bladder or bag will be fnlly 
distended, as shown in the figure, 
when the air surrounding the bladder 
Pjq is pumped out. The flexible walla 

are pushed out by-the air confined 
within. This tendency is oalled elastic force or tension. 

370. The TjTie. — As water was, for obvious reasons, 
taken as the typo of liquids, so atmospheric air will be 
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taken as the type of asriform bodies. Whateyer 
mechanical properties are shown as belonging to air may 
be understood as belonging to all gases. 

371. The Aerial Ocean.— Air is chiefly a mixture 
of two gases, oxygen and nitrogen, in the proportions of 
one to four by volume. It is believed that the atmosphere 
at its upper limit presents a definite surface like that of 
the sea ; that disturbing causes produce waves there just as 
they do on the sea, but that, by reason of greater mobility 
and other causes, the waves on the surface of 'this aerial 
ocean are much larger than any ever seen on the surface 
of the liquid ocean. The depth of this aerial ocean has 
been variously estimated at from fifty to two hundred miles. 

273. Weight of Air. — Being a form of matter, air 
has weight This may be shown by experiment. A hol- 
low globe of glass or metal, having a capacity of several 
Uters and provided with a stop-cock, is carefully weighed 
on a delicate balance. The air is then removed from the 
globe by an air-pump, the stop-cock closed, and the empty 
globe weighed carefully. The second weight will be less 
than the first, .the difference between the two being the 
weight of the air removed. Under ordinary conditions a 
cubic inch of air weighs about 0.31 grains ; a liter of air 
weighs about 1.293 g., being thus about -^ as heavy as 
water. (See Appendix G.) 

373. Atmospheric Pressure.— Having weight, 
such a quantity of air must exert a great pressure upon 
the surface of the earth and all bodies found there. This 
atmospheric pressure necessarily decreases as we ascend 
from the earth's surface. For any surface, at any ele- 
vation, the upward, downward, or lateral pressure may be 
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computed in the eame way as for liquids (§§ 336, 338 and 
331). Owing to the great compressibility of aSriform 
bodies, the lower layers of the atmosphere are much more 
dense than the upper ones, bnt density and presBure alike 
are constant in value throughout any horizontal layer. 
The weight of a column of air one inch square extending 
from the sea-level to the upper limit of the atmosphere is 
about fifteen pounds; a similar column, a an. square, 
weighs about 1 Kg. We express this by saying that the 
atniospherie pressuj-e at the sea-level is fifteen 
potcnds to the square inch, or 1 Kg. to the sq, cm. 
Several illustrations of atmospheric pressure will be given 
after we have considered the air-pump. 

274. TorricelU's Experiment.— The intensity of 
this pressure may be measured as fol- 
lowBi — Take a glass tube a yard long, 
about a quarter of an inch in internal 
diameter. Close one end and fill the 
tube with mercury. Cover the other 
end with the thumb or finger and in- 
vert the tube, placing the open end 
in a bath of mercury. Upon removing 
the thumb, the mercury will sink, 
oscillate, and finally come to rest at 
a height of about 30 inches, or 760 
mm., above the level of the mercury 
in the bath. This historical esperi- 
ment was first performed in 1643, 
by Torricelli, a pupil of Galileo, j 
The apparatus used, when properly 
graduated, becomes a barometer. F>g. 94. 
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275* What Supports the Mercury Column ? 

— To answer this very important question, consider the 
horizontal layer of mercury molecules in the tube at the 
level of the liquid in the bath. Under ordinary circum- 
stanceSy they would hold their position by virtue of the 
tendency of liquids to seek their leveL But in this case, 
they hold it s^inst the downward pressure caused by the 
weight of the mercury column above, which is equivalent 
to fifteen pounds to the square inch. Being in a condi- 
tion of equilibrium, they must be acted upon by an upward 
pressure of fifteen pounds to the square inch. It is evident 
that the pressure of the mercury in the bath is not able to 
do this work, its powers being fully tasked in supporting 
the mercury in the tube up to the level of the particular 
molecules now under consideration. This upward pres- 
sure then must be due to some force acting upon the sur- 
&ce of the mercury, and transmitted undiminished by that 
liquid. The only force, thus (voting, is atmospheric 
pressure, which is thus measured. The original column 
of thirty-six inches fell because its weight was greater 
than the opposing force. As it fell, its weight diminished, 
continuing to do so until an equality of opposing forces 
produced equilibriujii. (See Appendix H.) 

276« F^ascstl^ l^xperiments. — Pascal confirmed 
Torricelli's conclusions by varying the conditions. He 
had the experiment repeated on the top of a mountain and 
found that the mercury column was thi'ee inches shorter, 
showing that as the weight of the atmospheric column 
diminishes, the supported column of mercury also dimin- 
ishes. He then took a tube forty feet long, closed at one 
end. Having filled it with water, he inverted it over a 
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water bath, live water in the tribe came to rest a4f 
a height of 34 f^^t. The water column was 13.6 times 
as high as the mercury column^ but as the specific gravity 
of mercury is 13.6, the weights of the two columns were 
equal Experiments with still other liquids gave corres* 
ponding results, all of which strengthened the theory that 
the supporting force is due to the weight of the atmos- 
phere, and left no doubt as to its correctness. 

277. Pressure Measured in Atmospheres.— 

A gas or liquid which exerts a force of fifteen pounds upou 
a square inch of the restraining surface is said to exert a 
pressure of one atmosphere. A pressure of 60 pounds to 
the square inch, or 4 Kg. to the «^. cm.<, would 
be called a pressure of four atmospheres. 

278. The Accuracy of a Barom- 
eter. — The accompanying figure represents 
the simplest form of the barometer. The in- 
strument's accuracy depends upon the purity 
of the mercury, the accuracy of measuring the 
vertical distance from the level of the liquid 
in the cistern to that in the tube, and the 
freedom of the space at the top of the tube 
from air and moisture. In delicate observa- 
tions allowance must be made for differences 
of temperature. In technical language, 
"The barometric reading is corrected for 
temperature.'* 

279. The Utility of a Barometer. 

— ^This instrument's eflSciency depends upon 

the fact that variations in atmospheric pres- Fig. 95. 
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sure prodaoe correeponding variatiooB ia the height of the 
barometer columa. It is used to determine the height of 
places above the eea-leTel, foretell storms, etc. When, at a 
given place, the " barometer falls," a storm is generally 
looked for. Sometimes the storm does not come, and 
faith in the accuracy of the instrument is shaken. But, in 
fact, the barometer did not announce a coming storm ; it 
did prodaim a diminution, of atmospheric pres- 
sure from Bom^e cause or other. Its declarations are 
perfectly reliable ; inferences from those declarations are 
subject to possible error. 

2SO, The Aaerold Barometer.—This iDstniment condebi 
of ». cjlludrictd box of metal with » top 
of thin, elutic, corrngated metal. The 
air la removed from the box. The top 
ia pteaaed iuward by aa Increased 
atmoepheric pi'csanre ; whenever the 
atmospheric presanre diminiahea, it ia 
pressed oatward bj its own elasticity' 
aided by a spring beneath. These 
movements of the cover are trajiBmitted 
L and multiplied by a combination of 
delicate levers, liieee levers act upon 
an Index which la thna made to move 
over a gtadoated scale. Such baiome- 
tera are much more eaallj' portable 
than the mercurial instramenls. They 
are made ao delicate that they ahow 
Fig. g6. a difference in atmospheric preaaare 

when transferred from an ordinary 
table to the floor. Their very delicacy involves thenecessity for care- 
ful usage or frequent repairs. 

381. The Baroscope.— Air, having weight, has 
buoyant power. The Principle of Arcliimedos (§ 238) 
applies to gases as well as to liquids. From this it follows 
that the weight of a body in air is not its true weight, but 
that it is less than its true weight by exactly the weight of 
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the air it displaces. This principle is illustrated by the 
baroscope, which coosists of 
a scale-beam supporting two 
bodies of yery unequal size (as 
a hollow globe and a lead 
ball), which balance one an- 
other in the air. If the ^pa- 
ratus thus balanced in the air 
be placed under the receiver 
of an air-pump, and the air 
exhausted, the globe will de- 1 
Ecend, tlius seeming to be i 
heavier than the lead ball ! 
which prGviously balanced it. 
Is the globe actually heavier p,,. ^^ 

than the lead, or not ? \ 

Exercises. 

t. Give the pressure of tLe air upon a man the surface of whose 
body is 14} square feet. 

3. A soap-bubble has a diameter of 4 Inches ; give the pressure 
of the air upon it. (See Appendix A). 

8. What is the weight of the air in a room 30 by SO bj 10 feet ? 

4. What will be the total pressure of the atmosphere on a ded- 
meter cube of wood when the barometer stands TOO nun. t 

5. How much weight does a cubic foot of wood lose when weighed 

'»■!'' -iih'-'s 

6. (a.) What is the preaaure on the npper surface of a Saratoga 
trunk 3 J by 3^ feet I (6.) How happens it that the owner can open 
the trunk? / ) ^ " 

7. When the bafometer stands at 760 mm. what Is the atm08- 
pheric pressure per sq. cm. of surface? Aw. 1033.6 g. 

JTofe. —In round nnmbera, atmospheric pressure at the seale^el 
is called 15 lbs. to the sq. in., or 1 kilogram to the sq. cm. 
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8. A certain room is 10 m. long, 8 m. wide and 4 m. high, (a.) 
What weight of air does it contain ? (&.) What is the pressure upon 
its floor? (<?.) Upon its ceiling? (d,) Upon each end? («.) Upon 
each side? (/.) What is the total pressure upon the six surfaces ? 
ig.) Why is not the room torn to pieces ? «^ 

9. An empty toy balloon weighs 5 g. When filled with ]m. of 
hydrogen, what load can it lift ? (See Appendix, G,)'^ ^,^^ ' /^/ 

Recapitulation. — In this section we have coiiiBidered 
the definitions of Pneumatics and Tension ; the 
Aerial Ocean in which we live; the mechanical 
Properties of Air ; the weight of air giving rise to 
Atmospheric Pressure; a famous experiment by • 
Torrieelli,and the explanation thereof; Pascal's ex- 
periments and the conclusion they confirmed ; the Ba- 
rometer ; the Aneroid barometer ; the Baro- 
scope. 



THE RELATION OF TENSION AND VOLUME TO 

PRESSURE. 

283. Tension •£ Gases.—If a glass flask, provided 
with a stop-cock^ be closed under an atmospheric pressure 
which supports a mercury column of 3i inches, the atmos- 
pheric pressure from without is exactly balanced by the 
tension (§ 269) of the air within. If it be closed under a 
barometric pressure of 28 inches, this equality of the two 
pressures will continue. If the flask be closed when the 
surrounding air is subjected to a pressure ol tw# ©r three 
atmospheres, the equality will still continue, ^h none of 
these cases will the glass be subjected to any strain because 
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of the air within or without The tension of aeriform 
bodies supports the pressure exerted upon them, 
and is equal to it. 

283. Experimental Illustrations of Tension.^l.)The 
tension of confined air is well illustrated by the common pop-gun 
It is also well illustrated by the common experiment 
with bursting squares. These "squares" are made 
of thin glass, are about two or three inches on each 
edge, and are hermetically sealed under the ordinary 
atmospheric pressure. The tension of the air within, 
acting with equal intensity against the atmospheric 
pressure from without, the frail walls remain unin- 
jured. When, however, the "square" is placed 
under the receiver of an air-pump and the external 
pressure removed, the tension of 15 pounds to the 
square inch is sufficient to burst the walls outward. 
(2.) Half fill a small bottle with water, close the neck with a cork 
through which a small tube passes. The lower end 
of this tube should dip into the liquid; the upper 
end should be drawn out to a smaller size. Apply 
the lips to the upper end of the tube, and force air 
into the bottle. Notice, describe, and explain what 
takes place. 

(8.) Place the bottle, arranged as above described, 
under the receiver of an air-pump, and exhaust the 
air from the receiver. Water will be driven in a jet 
from the tube. Explain. 




Fig. gS. 




Fig. 99- 



384, Mariotte's Law. — The tempera- 
ture remaining the same, the volume of 
a given quantity of gas is inversely as the pres- 
sure it supports, 

385.— Experimental Verification of Mari- 
otte's Law. — Tliis law may be experimentally verified 
with Mariotte's tube. It consists of a long glass tube bent 
as shown in Fig. 100, the long arm being open and the 
short arm closed. A small quantity of mercury is jwured 
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eamo horizontal line. By holding the tube nearlj level, 
babbles of aJr may be passed into the short arm or from it 
niitil the desired rcsnlt ia secnred. The air in the short 
arm will then be under an ordinary atmosphorie pressure. 
As more mercury ia poured into the long arm the confined 
air will be compressed. 

(a.) When the verticsl distance between the lerele of the merear}' 
inthe two anna is one-third the height of the barometric colnmn 
at the time and place of the experiment, the pressure upon the 
wnSned aii will be J atmospheiea ; tlie tei^on of the confined air 
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just supports this pressure and must therefore be | atmospheres. 
The volume of the confined air is only } what it was under a pres- 
sure of one atmosphere. If more mercury be poured into the long 
arm until the vertical distance between the two mercurial surfaces 
is one-half the height of the barometric column, the pressure and 
tension will be { atmospheres ; the volume of the confined air will 
be f what it was under a pressure of one atmosphere. When mer- 
cury has been poured into the long arm until the vertical distance 
CA is equal to the height of the barometric column, the pressure 
and tension will be two atmospheres, and the volume of the confined 
air will be one-half what it was under a pressure of one atmos- 
phere. The law has been thus ** verified " up to 27 atmospheres, 
notwithstanding which it is not considered rigorously exact. The 
deviation from exactness, however, can be detected only by meas-, 
urement of great precision. 

286. The Rule Works both Ways.— The law 
holds good for pressures of less than one atmosphere, for 

rarefied air as well as for compressed 
air. To show that this is true, nearly 
fill a barometer tube with mercury and 
invert it over a mercury bath held in a 
glass tank as shown in the figure. 
Lower the tube into the tank until the 
mercury levels within the tube and 
without it are the same. The air in the 
tube is confined under a pressure of one 
atmosphere. Note the volume of air in 
the barometer tube. Eaise the tube 
until this volume is doubled. The 
vertical distance between the two mer- 
curial surfaces will be found to be half 
the height of the barometric column. 
The confined portion of air, which is 
now subjected to the pressure of half an 
Fig. ioi. atmosphere, occupies twice the space it 
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did under a pressure of one atmosphere. And so on. It 
may be more convenient to have the barometer tube open 
at both cnds^ the upper end being closed with the thumb 
or finger before lifting. 

387. A Summing Up. — ^From the foregoing experi- 
ments we have a right to conclude that the density and 
tension of a given quantity of gas are directly, and 
that its volume is inversely^ as the pressure ex- 
erted upon it. Representing the volumes of the same 
quantity of gas by V and r, and the corresponding pres- 
sures and densities by P and py D and dy our conclusion 
may be algebraically expressed as follows: 

V " F '^ D' 4 , 

Exercises. 



1. Under ordinary conditions, a certain quantity of air measures 
one liter. Under what conditions can it be made to occupy (a.) 500 
cu. cm. ? (6.) 2000 cu. cm. ? 

3. Under what circumstances would 10 cu. inches of air at the 
ordinary temperature weigh 31 grains? 

3. Into what space must we compress (a.) a liter of air to double 
its tension ? (&.) A liter of hydrogen ? 

4. A barometer standing at 30 inches is placed in a closed vessel. 
How much of the air in the vessel must be removed that the mer- 
cury may fall to 15 inches ? 

5. A vertical tube, closed at the lower end, has at its upper end 
a fiictionless piston which has an area of one sq. inch. The weight 
of this piston is five pounds, (a.) What is the tension of the air 
in the tube? (&.) If the piston be loaded with a weight of ten 
pounds, what will be the tension ? 

6. When the barometer stands at 28^ inches, the mercury is at 
the same level in both arms of a Mariotte's tube. The barometer 
rises and the difference in the two mercurial surfaces of the Ma- 
riotte's tube is half an inch, (a.) In which arm is it the higher? 
(&.) Why? 
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7. Eight grains of air are enclosed in a rigid vessel of such size 
that the tension is 16} pounds per square inch. What will be the 
tension if three more grains of air be introduced ? 

Recapitulation^ — In this section we have considered 
the Equality of tension and pressure, with several Ex- 
perimental Illustrations; Mariotte's Law; 
the Verification of that law for Compressed 
and for Rarefied Gases; a brief Conclusion from 
the teachings of these experiments. 
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ECTION m. 

AIR-PUMPS.— LIFTING AND FORCE-PUMPS.— 

SIPHON. 

388. The Air-Pump. — The air-pump is an 
instrument for removing air from a closed vessel. 
The essential parts are shown in section by Fig, 102 ; the 
complete instrument, as made by Bitchie^ is represented 
by Fig. 103. 

The closed vessel B is called a receiver. It fits accu- 
rately npon a horizontal plate^ through the centre of which 
is an opening communicating, by means of a bent tube, /, 
with a cylinder, (7. An accurately fitting piston moves in 
this cylinder. At the junction of the bent tube with the 
cylinder, and in the piston, are two valves, v and v', open- 
ing from the receiver but not toward it. The tension of 
the air in i?, and the pressure of the air upon the valves, 
are equal When the piston is raised, v' closes and the 
atmospheric pressure is removed from v. The tension of 
the air in E opens v. By virtue of its power of indefinite 
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expansion^ the air which^ at first, was in R and ty now fills 
J?, ty and G. When the piston is pushed down^ v closes, v' 
opens, and the air in C escapes from the apparatus. 

(a.) The lower yalye v is sometimes supported, as shown in Fig 
102, by a metal rod which passes through the piston. This rod 
works tightly in the piston, and is thus raised when the piston is 
raised, and lowered when the piston is lowered. A button near the 
upper end of this rod confines its motion within yery narrow limits, 
allows V to be raised only a little, and compels the piston, during 
most of the journeys to and fro, to slide upon the rod instead of 
carrying the rod with it. 

289. Degrees and Limits of Exiiaustion.— 

Suppose that the capacity of i2 is four times as great as 
that of C. (The capacity of t may be' disregarded.) Sup- 
pose that R contains 200 parts of air {e. g.y 200 grains)^ 
and CJ 50 parts. After lifting the piston the first time, 
there will be 160 grains (= 200 x |) of air in R, and 40 
grains (200 x \) in (7. After the second stroke there wiU 
be 128 grains [= 160 x i = 200 x i X i = 200 x {\Y\ 
of air in Ry and 32 grains in C. Aiber n upward strokes, 
200 X (f )" grains of air will remain in the receiver. Evi- 
dently, therefore, we never can, hy this means, re- 
move all the air which R contains, although we 
might continually approach a perfect vacuum, if this were 
the only obstacle. It requires an exceedingly good air- 
pump to reduce the tension of the residual air to ^ inch 
of mercury. This limit is due to several causes, among 
which may be mentioned the leakage at difEerent parts of 
the apparatus, the air given out by the oil used for lubri- 
cating the piston, and the fact that there is a space at the 
bottom of the cylinder untraversed by the piston. 

290. Sprengel's Air-Pump.— This instrument is 
used to apply the principles set forth in § 259 to the ex- 
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haustion of small receiyers. The liquid used is mercury. 
The vertical pipe, below the arm t (Pig. 87), must be 
longer than the barometer column (six feet is a common 
length), and have a diameter of not more than ^ inch. 
The mercury is admitted by large drops, which, filling 
the pipe, act as valves and in their fall force out succes- 
sive quantities of air before them. 

(a,) With such an inBtrament, it requires about half an hour to 
exhaust a half liter receiver, but the average result attainable is a 
tension of about one-miUionth atmosphere or 0.00003 inch of mer- 
cury. By this means a tension of only yTT^^vinr atmosphere has 
been secured. The mercury acts as a dry, frictionless, perfectly 
fitting, self-adjusting piston. Special precautions must be taken to 
make the connection air-tight. The only work of the operator is to 
carry the mercury from the cistern at the foot 6f the fall tube to 
the funnel at the top. 

291. Bunsen's Air-Pump.— In Bunsen's air- 
pump the principle is the same, but the liquid need is 
water, and the length of the vertical pipe at least thirty- 
four feet. Such an air-pump may be easily provided in a 
laboratory where the waste-pipe of the sink has the neces- 
sary vertical height. The tube t (see Fig. 87) being con- 
nected with the receiver, has its free end inserted in the 
waste-pipe a little way below the sink. A stream of water 
properly regulated, flowing into the sink, completes the 
apparatus. 

293. The Condenser. — 2Jie condenser is an 
instrument for compressing a large amount of air 
into a closed vessel. It diflFers from the air-pump, 
chiefly, in that its valves open toward the receiver. 
The cylinder is generally attached directly to the stop- 
cock of the receiver. Its operation will be readily un- 
derstood. Sometimes the upper valve, v', instead of 
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being placed in the piston^ is placed in 
a tube opening from the side of the cylin- 
der below the piston. By connecting 
this lateral tube with a reservoir contain- 
ing any gas, the gas may be drawn from 
the reservoir and forced into the receiver. 
When thus made and used, the instru- 
ment is called a transferrer (Fig. 104). 

Note, — ^The pupil will notice that in the case 
of the air-pamp, the condenser, the transferrer, 
and the lifting and force pumps to be subse- 
quently considered, the valves open in the di- 
rection io which the fluid is to move. 

Fig. 104. 293. Experiments. — A person 

having an air-pump has the means of 
performing almost numberless experiments, some amusing 
and all instructive. Other experiments, which may be per- 
formed without such apparatus, have been purposely de- 
ferred until now. The pupil should explain each experiment. 

*)j' (1.) The pressure of the atmosphere, which is transmitted in all 
directions, may be illustrated by filling a tumbler with water, plac- 
ing a slip of thick paper over its mouth and holding it there while 
the tumbler is inverted ; the water will be supported when the 
hand is removed from the card. 
(2.) Plunge a small tube^ or a tube having a small opening at the 
J 5^ lower end, into water, cover the upper end with the finger and lift 
^ It from its bath. The water is kept in the tube by atmospheric 
pressure. Remove the finger, and the downward pressure of the 
atmosphere, which was previously cut off, will counterbalance the 
upward pressure and the water will fall by its own weight. Such 
a tube, called 9^ pipette y is much used for transferring small quanti- 
ties of liquids from one vessel to another. The pipette is often 
graduated. 

(3.) Ths "yS^wcife^r" consists of a circular piece of thick leather 
with a string attached to its middle. Being soaked thoroughly in 

x_ j_4 — ^„^ ^ qIj, from 
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Fig. 105. 




Fig. 106. 



gently theire is a tendency toward the fonnation of a Tacnum be- 
tween the leather and the stone. The stone is 
now pushed upward with a force of 15 lbs. for 
every square inch of its lower surface (§ 273.) It 
is pressed downward with a force of 15 lbs. upon 
each square inch of its upper surface not covered by 
the ** %ucker*' The downward atmospheric pres- 
sure upon the leather is sustained by the string. 
This difference between the upward and down- 
ward atmospheric pressures upon the stone may be 
greater than the gravity of the stone. Then we 
say that the stone is pulled up by the ''sucker;" 
in reality the stone is pushed up by the air. 

(4.) The hand-glass is a receiver open at both 
ends. The lower end fits -ac* 
curately upon the plate of the air-pump. (It is 
well to smear the plat^ with tallow in this and 
similar experiments.) The hand is to be 
placed over the other end. When the pump is 
worked, the pressure of the atmosphere is felt, 
and the hand can be removed only by a con- 
siderable effort. The appearance of the palm 
of the hand at the end of this experiment is due to the tension of 
the air within the tissues of the hand. 
(5.) Repeat the experiment described in § 269. 
(d.) Over the upper end of a cylindrical receiver, tie tightly a wet 

bladder, and allow it to dry. Then ex- 
haust the air. The bladder will be forced 
inward, bursting with a loud noise. 

(7.) Replace the bladder with a piece of 
thin india-rubber cloth. Exhaust the air. 
The cloth will be pressed inward and nearly 
cover the inner surface of the receiver. 
The hand-glass, used in experiment (4), 
will answer for the two experiments last 
given, by placing the small end upon the 
pomp-plate. 

(8.) Review the experiments mentioned 
in §283. 
/^ij A (9.) The "fountain in vaeuo" consists of 
a glass vessel through the base of which passes a tube terminating 
in a jet within, and provided with a stop-cock and screw without. 
By means of the screw it may be attached to the air-pump and the 
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i^rezliauBted. R«niore the air, close the 

stop-cock, plac« the loner end of the tuhe 

in water, open the Btop-cock ; a beautiful 

fountain will be produced (Fig. 109). 
(10.) The mercury ihoiuieT apparatus 

consists of a cap through the bottom of 

which paeses a plug of oak or other porous 
wood. Place the cup upon 
the hand-glatt with a tum- 
bler below ; ponr some 
mereoiy into the cup ; ei- 
hanst the air, and the at- 
mospheric pressure will 
force the mercury through 
the porea of the wood. 
Fig. io3. (11.) The weigM-liJleT Fig. log. " 

(Fig. 110) is an apparatus 

by means of which the pressure of the atmosphere nay be made to 

lift quite a heavy weight. It consists of a etout glass cylinder, C, 

supported by a frame and tripod. Within the lower part of tils 

cylinder is a closely fitting pis- 
ton from which the weight is 

hang. A brass plate is ground 

to fit accaratelf npon the top 

of the cylinder. This plate is 

perforated and a flexible tube, 

B, connects the cylinder with 

an air-pump. When the air 

is exhaosted from the cylin- 
der, the atmospheric pressure 

on the lower aarface of the 

piston raises the piston and 

supported weight the length 

of the cylinder. 
(13.) The MagdAurg hemi- 
'^*pkere» are made of metal. 

They are hollow, and generally 

three or four inches in diam- 
eter. Their edges are provided 

with projecting lips which fit 

one over the other. These J 

edges fit one another air-tight ; I 

the lips prerent them from FiG. Iia 
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moving itdeviie. The edgea being greaaed uid placed together, the 
air ia exhautrted from the hollow globe through a tube provided 
with a stop-cock and screw. When the «lr has been 
pumped oat, dose the atop-cocb, remove the hemi- 
sphereH from the pump, and ecrew a coDveDient 
handle upon the lower hemisphere, the upper one 
being provided with a permanent handle. It will 
L be found tliat a considerable force is Deceaaai7 to 
pull the hemispheres asunder. This force is equal 
to the atmospheric pressure npon the circular area 
incloaed by the edges of the hemispheres. If this 
area be ten square inches it will require a pull of 
150 pounds to separate the hemispheres, 
(18.) ParUj ail two bottles with water. Connect 
FlO. III. them by a bent tube which fits 
doeelj into the mouth of o 
looselj into the month of the other. Place the bot- 
tles under the receiver and exhaust the i^r. Water 
will be driven from the closely stoppered bottle 
mlo the other. Readmit air to the receiver and the 
water thus driven over will bf forced back. 

^^94. The L-lftlng- 
Pump.— The lifting- 
ptimp consiBts of a cylinder or bar- 
rel, piston, two Yaltes, and a suc- 
tion pipe, the lower end of which 
■ dips helow the snrfkce of the liquid 
to be raised. The arrangement is 
easentially the same as in the air- 
pump. As the piston is worked, 
the air below it is gradnally re- 
moved. The downward pressure on 
the liquid in the pipe being thus 
remoTed, the transmitted pres- 
sure of the atjnosphere, exerted 
upon the surface of the liquid. 
Fig. 113. pushes the liquid up through 
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the sueticn' pipe and the lower valve into the 
barrel. When the piston is again pressed down, the lower 
valve closes, the reaction of the vater opens the piston 
valve, the piston sinking below the surface of the liquid in 
the barreL When nest the piston is raised, it lil'ts the 
water above it toward the spout of the pnmp. At the sams 
time, atmospheric pressure forces more liquid through the 
snction pipe into the barreL 

295. Notes and Queries.— The cietem or well containing 

the liquid most not be cut off from atmoBpheric presBure, i. «., mnst 

not be made air-tigbt. Why t For water pnmpB, the snction pipe 

moat not be moTe tban 84 feet high. Why 1 Owing to mechanical 

Imperfections cbieflj, tbe practical limit of the water pnmp is 38 

vertical feet. As tbe liftii^ of tbe liqoid above the piston doee not 

depend npon atmospheric preaBure, water may be ndaed ttaxa a very 

deep well by placing the barrel, with ita piston and valves, within 

28 feet of the surface of tbe water, and providing a vertical dis- 

charge pipe to the surface of the ground. The piston-rod may 

work through this discharge pipe. Deep mines are frequently 

drained by using a seriea of pnmps, one 

above the other, the handles (levers) of 

wbicb are worked by a single vertical md. 

The lowest pomp empties the water Into a 

reservoir, from which the second pump lifts 

it to a second reservoir, and so on. 

396. The Force-Pump.— In 

the force-pump, the piston is generally 
made solid, i, e,, without any valve. 
The upper valve is placed in a dis- 
charge pipe which opens from the bar- 
rel at or near its bottom. When the 
piston is raised, water is forced into 
t tbe barrel by atmospheric pressure, 

^ __^ When the piston is forced down, the 

Fig. 114. snction pijw valve ia dosed, tbe water 
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being forced through the other yalve into the discharge 
pipe. When next the piston is raised, the discharge pipe 
valve is closed^ preventing the return of the water above 
ity while atmospheric pressure forces more water from below 
into the barrel. 

297. The Air-Chamber of a 
Force-Pump. — Water will be thrown 
from such a pump in spurts^ correspond- 
ing to the depressions of the piston. A 
continuous flow is secured by connect- 
ing the discharge pipe ivith an air- 
chamber. This air-chamber is provided 
with a deUvery pipe, the lower end of 
which terminates below the surface of the 
water in the air-chamber. When water is 
forced into the air-chamber, it covers the 
mouth of the delivery pipe, and compresses 
the air confined in the chamber. This 
diminution of volume of the air is attended 
by a corresponding increase of tension 
(§ 284), which soon becomes sufficient to 
force the water through the delivery pipe 
in a continuous stream. 
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398* The Siphon. — The siphon consists of a bent 
tube, open at both ends, having one arm longer than the 
other. It is used to transfer liquids from a higher to a 
lower level, especially in cases where they are to be removed 
without disturbing any sediment they may contain. It 
may be first filled with the liquid, and then placed with 
the shorter arm in the higher vessel, care being had that 
the liquid does not escape from the tube until the opening 
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is lower than mn, the snrfoce of the liquid ; or 
it may be first placed in positioD, 
and the air remoTed by enctioo 
at the lower end ; wherenpon, by 
the preeenre of the atmosphere 
the flnid will be forced up the 
shorter arm and fi)I the tabe. In 
either case a constant stream of 
the liqnid will flow from the upper 
vessel until the surface line mn is 
brought as low aa the opening in 
the shorter arm, or, if the liquid be received in another 
vessel, until the level is the same in the two vessels. 

299. Explanation of the Siphon.— This action 
of the siphon may be thus explained: For convenience, 
suppose that the sectional area of the tube is one inch, 
that the downward pressure of the water in the arm AB 
is one pound, and that the downward pressure of the water 
in the arm BO is three pounds. The upward pressure in 
the tube at A will equal the atmospheric pressure on each 
inch of the surface mn outdde the tube minus the down- 
ward pressure of one pound, i. e., (15 — 1 =) 14 pounds. 
On the other side, there is at C the upward atmospheric 
pressure of 15 pounds, from which must be taken the 
downward pressure of the water in BC, leaving a resultant 
upward pressure of 13 pounds at C The upward pressure 
at A being two pounds greater than that at C, determines 
the flow of the water ABC. The greater the difference 
between ia and be, the greater the velocity of the stream. 

300. Limitations. — Tf the dovrnward pressure at A 
be equal to the atmospheric pressure, the liquid will sot 
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flow. TlLerefore, if the liquid he water, the height, 
ab, must be less than 34 feet; if it be mercury, ah 
must be less thau the mercury column of the barometer. 

301. Intermittent Springs. — Occasionally a 
spring is found which flows freely for a time, and then 
eeases to fiow for a time. Fig. 11? represents an under- 
ground reservoir, fed with water through fissures in the 
earth. The channel through which the water escapes 




from this reservoir forms a siphon. The water escaping at 
the surface constitutes a spring. When the water in the 
reservoir reaches the level of the highest point in the 
channel, the siphon begins to act, and continues to do bo 
until the water level in the reservoir fills to the mouth of 
the siphon. The spring then ceases to flow until the 
ffater has regained the leyel of the highest point of the 
siphon-like channel. This action is well illustrated by 
*' Tantalus' Cup," represented in Fig. 118. 

■ EXEHCrSES. 
1. How high can water be raised bj ^perfect UrUng-painp, when 
the twometer atuida at 80 inclies t (See % 3S8, [Sj-J 
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2. If a lifting-pump can just raise water 28 ft., how high can it 
nise alcohol having a spedfic gravity of 0.8 ? 

8. Water is to be taken over a ridge 12.5 m. higher than the sur- 
face of the water, {a,) Can it be done with a siphon? Why ? (6.) 
With a lifting-pnmp ? Why ? (e.) With a force-pump ? Why ? 

4. How high will bromine stand in an exhausted tube, when mer- 
cury stands 755 mm, ? (Sp. gr. of bromine = 2.96.) 

5. If water rises 84 feet in an exhausted tube, how higk will 
sulphuric acid rise under the same circumstances ? 

6. The sectional area of the piston of a " weight-lifter" being 15 
sq. inches, what weight could the instrument raise ? 

7. If the capacity of the barrel of an air-pump is \ that of the re- 
ceiver, (a.) what part of the air will remain in the receiver at the 
end of tiie fourth stroke of the piston, and (5.) how will its tension 
compare with that of the external air? 

8. How high could a liquid with a sp. gr. of 1.35 be raised by a 
lifting-pump when the barometer stands 29.5 inches ? 

9. Over how high a ridge can water be continuously carried in a 
siphon, the minimum standing of the barometer being 69 em, ? 

10. What is the greatest pull that may be resisted by Magdeburg 
hemispheres (a.) 4 inches in diameter? (&.) 8 cm, in diameter? (See 
Appendix A.) 

Becapltulation* — In this section we have considered 
the Air-pump ; the Limits of Exhaustion at- 
tainable by the ordinary air-pump; Sprengel's and 
Bunsen's air-pumps ; the Condenser and Trans- 
ferrer; numerous Experiments pertaining to aeri- 
form pressure and tension; the Lifting-pump; the 
Force-pump; the Siphon and Intermittent 
Springs. h - 
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KeVIEW QtJESTIOKS AKD EXERCISES. ^ ' 

1. Define {a) Physics, (6.) Chemistry, (c.) Atom, {d.) Molecmle, {e.) 
Solids, (/.) Liquids and {g) AerifOTm Bodies. 

2. Define (a.) Inertia, (&.) Impenetrability and (e) Hardness, illus- 
trating each by examples. 

8. (a.) Define Momentum and (&.) Energy. A body weighs 500 
lbs., and has a velocity of 60 ft. per second ; (c.) what is its momen 
turn and {d,) whaMts energy? {e) How woYild each be affected by 
doubling the weight ? (/.) By doubling the velpcity I t \^ 
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4. Giye {a) the facts and (&.) the laws of gravity. A body weighs 
1440 lb& at the surface of the earth ; (c.) how far above the surface 
will its weight be 90 lbs. ? {d.) What will it weigh 2200 miles 
below the surface ? 

5. {a.) What is a machine? (&.) What is a foot pound? {c.) Tell 
how the advantage gained by a simple mechanical power is found ; 
and id.) show this by an illustration of your own. (e. ) Explain the 
cause of friction. 

6. (a.) What is a simple pendulum ? (&.) What is an oscillation? 
(c.) How does a change of latitude change the number of vibrations ? 
(d) Why? 

7. (a.) What is the length of a second's pendulum? (&.) What 
is the length of one vibrating { seconds? ^ , 3 f" 

8. (a.) State the general law of machines, and (5.) illustrate it by 
means of the pulley. 

9. (a.) What is the centre of gravity ? (&.) How found? 

10. (a.) Draw figures illustrating the position of parts in the dif- 
ferent kinds of levers ; (&.) make and solve a simple problem in 
each. 

11. (a.) What is the relation which the length of a pendulum 
bears to its time of oscillation ? (&.) Give the length of a pendulum 
beating once in 2^ seconds. •% ^ V, y /^ 

12. ifl.\ Qive the second and third laws of motion, and {p.) illus- 
trate them. 

^ 13. A and B, at opporite ends of a bar 6 ft. long, carry a weight 

of 600 pounds suspended between them. A's strength being twice 

■^ as great as B's, how fiur f r^^ A must the weight be suspended ? 

^^^^4>^a.> Qive the fenxwIaS'for falling bodies, (6.) translating them 

'onto common language. (Cy) Give the same for bodies rolling 

freely down inclined planes. A body fell from a balloon one mile 

above the surface of the earth ; (d.) in what time, and {e) with what 

velocity would it reach the earth ? 

15. A ball thrown downward with a velocity of 85 feet per second 
reaches the earth in 12} seconds, (a.) How far has it moved, and 
(6.) what is its final velocity ? 

16. (a.) A bricklayer's laborer with his hod weighs 170 pounds ; 
he puts into the hod 20 bricks weighing 7 pounds each ; he then 
cUmbs a ladder. to a vertical height of 80 fe^t. How many units of 
work does he ? (&.) If he can do 158,100 units of work in a day, 
hpw^many bricks will he take up the ladder in a day ? 

/; Wvi7. Define three accessory properties of matter. 

^18.) How much weight will a cubic meter of any solid lose when 
weighed (a.) in hydrogen? (6.) in air? (c.) in carbonic acid gas? 
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19. Can you deyiae a plan by which an ordinary mercnrial barom- 
eter may be used to measure the rarefaction secured' by an air-pump ? 

20. (a.) Give the laws of liquid pressure, and (6.) find the pressure 
on one side of a dstem filled with water, 5 feet square and 12 feet 
high ? 

21. (a.) What is specific gravity ? (&.) What the standard fpr 
liquids and solids? {e.) How is the sp. gr. of solids found? 

22. Calculate the atmospheric pressi^re upon a man having a body '' 
surface of 16,000 «g. cm. /O / ; ^ /^ ' \/ 

^/ 23. What is the upward pull of a balloon of 1,000^1^. m., when cf" 
filled with gas half as heavy as air, its own weight being 25 Kg. \^'\ ^ 
/ " j.^**^ (a.) State Archimedes' principle. (6.) How may it be experi- 
^ " mentally verified ? (e.) In finding specific gravity, what is alwayB 
the dividend and what is alvxiys the divisor ? {d.) A specific gravity 
bulb weighs 38 g. in air, 28 g. in water, and 20 ^. in an acid. Find 
the sp. gr. of the acid. 

25. (a.) Describe an overshot water-wheel, and (ft.) give a drawing: 

26. (a.) Define the three kinds of equilibrium. (&.) Where is the 
centre of gravity in a ring? (e.) Why are lamps, clocks, etc., pro- 
vided with heavy bases ? 

27. FintrtEe weight in -snlphuxlc add (sp,^. X3 S^fd apie ce of 
lead weighing 150 g,^ and having a sp. gr. of 11. 

28. A pendulum 1 meter long makes 40 oscillations in a given 
time ; how long must a pendulum be to make 60 oscillations in the 
same time and at the same place ? ^ • ^ * ^ 

^'^ 29. (a.) Qive Mariotte's law. (6.)(HoBLhJgih cmild a flni i O ^wMig 
a sp. gr. of 1.35 be raised in a common pump when tiie b a r om et o r 
stonds^at 29.5 inches ?) . ^ 

30. Bepresent, by drawings in section, the essential parts of (a.) 
an air-pump, (5.) a lifting-pump, and (c.) a force-pump, (d.) Why 
does the water rise in the suction pipe of a lifting-pump? (e.) 
What is the immediate force that throws water in a steady stream 
from a force-pump ? 
^. _ 31. Wtttor fiows from an orifice 25 feet below the surface of-the 
water, and 144.72 feet above the level ground. Find the range of 
thej04w 

32. State briefly, by diagram or otherwise, the distinguishing 
features of solid, liquid and aSrif orm bodies. 
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MAGNETS. 

Nifte, — ^A desire to secure fayorable atmospheric conditions for 
experiments in frictional electricity has determined the order in 
which the following branches of physics are taken up. In most 
places in this country, the school-year begins with September. In 
such cases, this chapter would probably be reached by January, 
during which month the atmosphere is generally dry. Under other 
circumstances, the consideration of these subjects would better be 
omitted until sound, heat, and light have been studied. 

3d!S. Natural Magnet.— The mineral called load- 
stone is the only known natural magnet It is an ore of 
iron, composed of iron and oxygen. If a -piece of load- 
stone he Toiled in iron flings, some of the flings 
will cling to the loadstone when it is removed, 

303. Artificial Magnets. — Artificial magnets are 

usually made of steel. They have 
all the properties of natural mag- 
nets, are more powerful and con- 
venient. They are, therefore, pref- 
erable for general use. The most 
common forms are the straight or iar magnet and the 
horseshoe magnet. The first of these is a straight bar of 




Fig. 119. 
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steel; the second is shaped like a letter U, the ends being 
thus brought near t^ether, as sbowD in Fig. 119. 

304. Distribntion of Magnetic Force.— If a 
bar magnet be rolled in iron filioga and then withdrawn, 
the filingB cling to the ends of the bar bat not to the 
middle. This peculiar form of tCttraction is not evenly 




distributed throughont the bar. It is greatest at or 
near the ends. These points of greatest attraction are 
called the polea of the magnet 

305. Attraction between a Magnet and Or- 
dinary Iron. — Bring either end of a bar magnet near 
the end of a piece of iron ; the iron is attracted. Bring 
the same end of the magnet near the middle of the iron ; 
the iron is attracted. Bring the same end of the magnet 
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near the other end (A the iron; the inm ia attracted, 
fiepeat the ezperimeDts with the other end of the magnet ; 
in each case the iron is attracted. From these experiments 
we haye a right to coDclude that either pole of a magnet 
wiU attract ordinary iron. 

306. Attraction between Two Magnets.— 
Freely suspend three har magnets, A, B and C, at some 




dietance from each other. (Place each magnet in a stont 
paper stirrup supported by a cord; or place each npon a 
board or cork floating on water.) When they have come to 
rest, each will lie id a north and south line. Magnets are 
chiefiy characterized by the property of attracting iron «aS. 
this tendency to assume a particular direction of position 
when freely suspended. Mark the north end of each sus- 
pended magnet — , and the south end of each, +. (§ 317.) 
(a.) Take the magnet A from its support, and bring ita + end near 
tbe — end of BaiO. Notice the ftttraction. (b.) Biing the + end 
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of A near the + end of B or C, Notice the repulsion, {c) Bring 
the — end of A near the — end of B or C, Notice the repulsion, 
(d.) Bring the — end of A near the + end of B or C. Notice the 
attraction. (Fig. 121.) (e.) From experiment (a) we learned that 
the — ends of B and C were each attracted by the + end of A. 
Bring the — end of B near the — end of C. Notice that they now 
repel. (/.) From experiment (b) we learned that the + ends of B 
and C were each repelled by the + end of A. Bring the + end of 
B near the + end of C. Notice that they now repel, (g.) In similar 
manner show that the + end of B will attract the — end of C; 
that the — end of B will attract the + end of C, (See Appendix 1.) 

From these experiments we have a right to conclude that 
every magnet has two dissimilar poles; that like 
poles repel each other, hut that unlike poles attract 
ea^h other. 

Note. — In all of these experiments we deal with a cause capable 
of producing motion. Hence (§ 64), magnetism is a force. 

307. Effect of Breaking a Magrnet.— // a 

magnet he hroken, ea^h piece hecom^es a magnet with 
two poles and an equator of its own. These pieces may be 
repeatedly subdivided and each fragment will be a perfect 




magnet. It is probable that every molecule has its poles, 

or is polarized, and that, could one be isolated, it would 

be a perfect magnet. We thus conceive a magnet as made 

up of molecules each of which is a magnet, the action of 

the molar magnet being due to the combined action of all 

the molecular magnets of which it is composed. 

308* Theory of Magnet isnn.— For the explanation of the 
phenomena that we have noticed, the existence of two magnetic 
fluids has been imagined. The fluid whose resultant effects are 
manifested at the + end of the magnet is called the positive fluid ; 
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in the same way the other is called the negative fluid. It is imag- 
ined that each of these two fluids repels its like and attracts its 
opposite ; that neither can exist without the other, every magnet 
possessing equal quantities of both ; that, owing to their mutual 
attraction, they tend to combine in or around each molecule and 
thus neutralize each other ; that they may be separated by a force 
greater than their mutual attraction, and made to arrange them- 
selves in a certain position in or about the molecules to which they 
belong, but that they cannot be removed from them. In this way 
we imagine to our minds the formation of a magnet by bringing 
together rows of polarized molecules, whose similar poles are 

turned in the same direction. 

The magnetic separation thus 
Fig. 123. imagined is represented in Fig. 

123. The effects of the opposite 
polar fluids neutralize each other at the middle of the bar, but are 
manifested at opposite ends of the bar. (§ 335.) 



L 



309. A Hypothetical Theory.—The theory sketched in 
the preceding paragraph has value because it connects the various 
phenomena of magnetism. But we must remember that it is only 
a hypothesis, and is seriously doubted by scientific men. Neither 
it nor its companion, the Theory of Electric Fluids, can be re- 
ceived unsuspectingly until they can connect the phenomena of 
magnetism and electricity one with the other, and both of them 
with the phenomena of heat and light. Although as yet they can- 
not do this, we may use them with profit unless we allow ourselves 
to accept them with a confidence that blinds our sight to the 
approach of something better. 

310. "S/Lajgnetic and Diama^netic Substances.— Sub- 

stances that are attracted by a magnet are called magnetic ; e.g., iron 
or steel and nickel. Substances that are repelled by a magnet are 
called diamagnetif; e.g., bismuth, antimony, zinc, tin, mercury, 
lead, silver, copper, gold and arsenic. Of these, iron is by far the 
most magnetic, while bismuth is the most diamagnetic. The mag- 
netic properties of iron or steel are easily shown ; diamagnetic 
properties require a powerful magnet for satisfactory illustration. 

^^^311. Magnetic Induction, — If a bar of soft iron 

^ be brought near one of the poles of a strong magnet, it 

becomes, for the time being, a magnet. The poles of the 



188 MAGNETS. 

temporary magnet will be opposite to those of the perma- 
nent magnet The molecules of the iron seem to be 
polarized by the force of the magnet when brought within 
the limited range 6f that force. The combined fluid is 
separated in each molecule^ because the fluid acting at the 
pole of the magnet attracts its opposite and repels its like, 
and this separating influence is greater than the mutual 
atti*action of the two fluids thus torn asunder. The iron 
is said to be magnetized by induction. If the distance 
between the iron and the magnet be diminished, the 
inductive influence is thereby increased. Actual contact 
is not necessary, but when the iron and the magnet 
touch, this inductive force is the greatest. This force, 
like other forms of attraction, varies inversely as the 
square of the distance (§ 100 [2]). 

312. Illustrations of Magrnetic Induction.— (a.) When 
a piece of soft iron, as a nail or ring, is brought near the end of a 
magnet, the molecules of 
the iron are polarized {L e., 
their magnetic fluids are 
separated), and the iron be- 
comes a magnet for this 
reason. When the ring 
touches the magnet it will 
be supported. Bring a 
second ring near the first 
rihg. The action of the 
first ring, which is a mag- 
net now, polarizes the -, 

, . *^ J ., Fig. 124. 

becond nng and thus ren- 

ders it a magnet also. Let it touch the first ring magnet and it 
will be supported. In this way quite a number of rings (Fig. 124) 
may be supported, each ring in turn being thus magnetized by its 
predecessor. Of course, the attractive and repulsive forces are con- 
tinually weakening from the first to the last ring. Now support 
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the npper ring upon your finger, and remove the magnet. The 
force that separated the fluids in the molecules of the first ring and 
held them apart is no longer present ; those fiuids, therefore, rush 
together. There is now no cause capable of holding apart the 
opposite fiuids in the molecules of the second ring, and they con- 
sequently rush together ; and so in the case of each ring. 

Qf.) Suspend an iron key from the positive end of a bar magnet. 
The key is inductively magnetized, the relation of its poles to each 
other and to the magnet being as shown in Fig. 125. A second 




Fig. 125. 



bar magnet of about the same power, with its poles opposite, is 
moved along the first magnet. When the — end of the second 
magnet comes over the key, the key drops. The + pole of the 
lower magnet attracted the ~ and repelled the + of tl^e key. The 
— pole of the upper magnet had an opposite effect, and as the two 
magnets were of the same power, or nearly so, the separating influ- 
ence became less than the mutual attraction of the opposite fluids, 
which consequently reunited. This experiment goes to show that 
when a magnetic body is attracted by a magnet, the attraction is 
preceded by pdarusatian. 

313. Mag^netic Curves. — The inductive influence 
of a magnet upon iron is not affected by the interposition 
of any non-magnetic body. Over a good bar magnet place 
a piece of card-board, upon which sprinkle iron filings; 
tap the card-board lightly. The "magnetic curves'* 
(Fig. 126) thus formed are very interesting and instruc- 
tive. The filings in any one of these curves are temporary 
magnets with adjoining poles opposite and therefore attrac- 
ting. By using two bar magnets placed side by side, first, 
with like poles near each other, and, secondly, with unlike 
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poles near each other, their combmed effect on the iron 
tilings may be eaeily observed 

314> M^fuetic Needles.— A 

bar magnet ■ may be supported by 
balancing it npon a pivot, by sus- 
pending it by a fine untwisted thread, 
by floating it upon water by means 
of a cork, and in several other ways. 
^ small hfiT magnet suspended Fio. 127. 

in such a manner as to 
aUow it to assume its cho- 
sen position is a magnetif 
needle. (See Appendix J.) 

(o.) If it be free to move in c 
horl20Dt(d plane it is b horizontal 
needle ; «. g., the m&riner's at tlie 
enrvejoi's compHse (Fig. 137). It 
mil come to rest pointiDg- uearlr 
Dortb and sooth. If the magnet be 
free to move in a vertical plane it 
constitutes a vertical or dipping 
\ needle (Fig. 138). Two magoeta 

fastened Ui a common axis bnt hav. 
FlO. taS. ing their poles reversed conatituta 
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an astatic needle (Fig. 129). An astatic 
needle assumes no particular direction 
with respect to the earth. (§ 391.) 

315. Terrestrial Magrnet- 

ism* — ^If a small dipping needle be 

placed oyer the — end of a bar mag- 

^^T^T net, the needle will take a rertical 

Fig. 129. ' 

position with its + end down (Fig. 
130). As the needle is moved toward the other end of the 
bar it turns from its vertical position. When over the 

+ 





Fig. 130. 

neutral line, the needle is horizontal As it approaches the 
+ end of the magnet the needle again becomes vertical, 
but the — end of the needle is drawn down. If a dipping 
needle be carried from bx southern to far northern lati- 
tudes it will act in a similar way. These facts seem to 
teach that the earth is a great magnet viith magnetic 
poles near its geographical poles. The magnetic pole 
in the northern hemisphere was found in 1832 by Gapt. 
Boss. It is a little north and west of Hudson's Bay, in 
latitude 70° 05' N., and longitude 96° 45' W. A place in 
I the southern hemisphere has been found where the needle 
is nearly verticaL 

316. The Earth's Inductive Influence.— That 

the earth is really a magnet is further shown by its indue- 
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tive inflaeDce. An, iron bar plaeed in the position 
assumed by the dipping needle and stniek a sharp 
blow on the end becomes polarized. The magnetic in- 
flaence of the bar maj be tested by moTiDg a small mag- 
netic needle along its length, and noticing that one end of 
the bar attracts one end of the needle and the other the 
other end. A st^el poker which has aenally stood in a 
nearly vertical position may thos be shown to have ac- 
quired magnetism. 

317. Names of Mafrnetlc Poles— We have now learned 
to regard the earth as a hnge magnet, with one pole in the northern 
hemisphere and one in the Bonthem. Sin<% unlike poles attnet 
each other, it follows that the earth'* magnttie pete eituattA in the 
northern hemiiphere u cppoiite to ths end of a moffnetie needle that 
paint* to the nort/i. From this fact, great conf nsioo of nomencla- 
ture has aiieen. We have spoken of the end of the needle tbat 
points north as — or negative. Following this nomeuclatare, the 
northern magnetic pole of the earth must be + or podtive. (See 
Report of the British As- 

BociatJon Conm^ttee on 
Electrical Standards, Ap- 
pendix C, 1863.) But 
popular usage calls the 
north-seeking end of the 
needle the north pole, 
and the other end the 
south pole. This intro- 
duces great confnrion 
when we wish to speak 
of the magnetic poles of 
the earth. The uomen- 
olature that we have 
adopted obvialee this 
confuuon. 

318. Inclina- 
tion or Dip.— 

I%e angle that a Fio. 131. 
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dipping needle makes ivith a horizontal line is called 
its inclination or dip. At the magDetic poles the 
inclination is 90°; at the magnetic equator there is no 
inclination. The inclination at any given place is not 
'greatly different from the latitude of that place. 
.» 

319. Declination or Variation.— The magnetic 
needle^ at most places, do6s not lie in a north and south 
line. The angle which the needle makes with the 
geographical meridian is its declination or varia- 
tion, A line drawn through all places where the needle 
points to the true north is called a Line of 7io Variation. 
Such a line, nearly straight, passes near Gape Hatteras, 
a little east of Cleveland, through Lake Erie and Lake 
Huron. It is now slowly moving westward. At all places 
east of the Lifie of no Variation, the — end of the needle 
points west of the true north ; at all places west of the 
Line of no Variation, the variation is easterly. The fur- 
ther a place is from this line, the greater the declination — 
it being 18° in Maine and more than 20° in Oregon. 

320. M^netization. — A common waj of magnetizing a 
steel bar is to draw one ejid of a strong magnet from one end of the 
bar to the other, repeating the operation several times, aJioays in the 
same direction. A second method is to bring together the opposite 
poles of two magnets at the middle of the bar to be magnetized, and 
simultaneoiisly drawing them in opposite directions from the mid- 
dle to the ends. A third method, represented in Fig. 133, is known 
as "the double touch." The opposite poles of two magnets are 
kept at a fixed distance from each other by means of a wooden block 
placed between them. The magnets thus held are moved from 
the middle toward one end of the bar, thence to the other end, 
repeating the operation several times, and finishing at the middle 
when each half of the bar has received the same number of fric- 
tions. But better than any of these can give are the effects produced 
by electro-magnetism. (§ 394.) 

9 
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321. Armatures.— MagneU left to tbemselTea would bood 

lose their magDetism by the recombination of their magnetic fluids. 

Thej most therefore be provided with armaturefi, 

ArmatuTei art pieces of toft iron placed in contact with 

oppotUe poles, as shown in Fig. 133. The two poles 

of the magnet (or magnets, for two bar 

magneta majr be thos protected) act 

inductively npon the anuMore and 

produce in it poles opposite in kind 

to those with which thej come in con- 

tact. The poles of the armature in turn 

react upon the magnet, and, by their 

power of attraction, <^d In preventing 

the recombination of the fluids in the 

I magnet. The armature is sometimes 

the iron axle of a brass wheel ; i 
I then called a rolling armature. Hold 
I a horse-shoe magnet by its middle, 
I slightly depress the poles, place the 
* wheel upon the arms of the magnet ai 
shown in Fig. 134, and allow it to rol 
Fig 111 to the end. Its momentum will carry 'fi^^ l■^, 
the axle around the enils of the mag- 
net, and the wheel will roll back to the middle, with the axle on 
the under niU of the mofTUt. 
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EXEBCISES AKD QUESTIONS. 

1. (a.) Wliat is a magnetic pole? ((.) A magnetic equator? 
{c.) How does a magnet behave toward soft iron ? (d,) How does 
ioft iron behave toward a magnet? 

2. {a,) State carefully the various effects which one magnet may 
exert upon a second magnet (&.) Generalize these observed facts 
into a law. 

3. (a.) Give a theory of magnetism. (&.) State its merits and (r.) 
its demerits. 

4 (a.) Given a bar magnet, how would you determine the sign of 
either of its poles ? (&.) What is a djiunagnetic substance ? 

5. (a.) Illustrate magnetic induction. (6.) Explain it. (c.) If a 
magnetic needle be freely suspended from its centre of gravity, 
what position will it assume? 

6. (a.) Do you think that the earth is a magnet ? (&.) Give a good 
reason for your answer, (c.) Do the magnetic and geographical 
meridians ever coincide? (d,) Do they always coincide? (e,) If 
they do not coincide, what name would you give to their difference 
in direction ? 

7. (a,) Does the magnetic attraction of the earth upon a ship's 
compass teiid to float the ship northward ? (6.) If so, why ? If not, 
why not ? (r.) What is an armature, and id.) what is it good for ? 

8. {a,) State and illustrate the second law of motion. (5.) State 
and illustrate the law of universal gravitation, (c.) A body falls to 
the ground from rest in 11 seconds ; what is the space passed over ? 

Recapitalation* — In this section we have considered 
Natural and Artificial Magnets; Magnetic 
Poles ; the Attraction of a Magnet for Ordi- 
nary Iron ; the La^v of Magnets ; a Broken 
Magnet ; the theory of Magnetic Fluids and its 
value ; Magnetic and Diamagnetic substances ; 
magnetic Induction with illustrations; magnetic 
Curves ; magnetic Needles ; the Earth as a 
Magnet, and its inductive influence; the Nomen- 
clature of magnetic poles ; Dip and Variation ; 
how to Make Magnets and how to Keep them. 
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FRICTIONAL ELECTRICITY. 

322. Preparatory. — ^Provide two stout sticks of sealing-wax 
and one or two pieces of flannel folded into pads about 20 em. 
(8 inches) square ; two stout glass tubes closed at one end, 30 or 
40 cm, in length and about 2 cm, in diameter (long " ignition tubes ") 
and one or two silk pads about 20 cm, square, the pads being three 
OS four layers thick ; a few pith balls about 1 cm, diameter (whittle 
them nearly round and finish by rolling them between the palms 
of the hands) ; a balanced straw about a foot ^ ^ 

long, represented in Fig. 135. The ends of the ^ 

straw carry two small discs of paper (bright * '^^' 

colors preferable) fastened on by sealing-wax. The cap at the mid- 
dle of the straw is a short piece of straw fastened by sealing-wax. 
This is supported upon the point of a sewing-needle, the other end 
of which is stuck upright into the cork of a small glass vial. From 
the ceiling or other convenient support, suspend one of the pith 
balls by a fine silk thread. The efficiency of the silk pad above 
mentioned may be increased by smearing one side with lard and 
applying an amalgam made of one weight of tin, two of zinc, and 
six of mercury. The amalgam which may be scraped from bits of 
a broken looking-glass answers the purpose admirably. 

3S3. Electric Attractions.— See that the eealing- 
wax and glass rods, the flannel and silk pads are perfectly 
dry. Have them quite warm, that they may not condensQf 
moisture from the atmosphere. For a moment briskly rub 
the sealing-wax with the flannel and bring the stick near 
the suspended pith ball. The ball will be drawn to the 
wax. Bring th6 wax near one end of the balanced straw ; 
it may be made to follow the wax round and round. 
Bring it near small scraps of paper, shreds of cotton and 
silk, feathers and gold leaf, bran and sawdust, and other 
light bodies; notice that they are attracted to the wax. 
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Repeat all of these 
experiments with a 
glass rod which has 
been nibbed with 
the silk pad (Fig. 
136). You may make 
a light paper hoop 
or an empty egg-shell 
roll after your rod. 
Place an egg in 'a 
wineglass or egg cup. Upon its end balance a meter stick 
or a common lath. The end of the stick may be made 
to follow the rubbed rod round and round. Place the 
blackboard pointer or other stick in a stiff paper stirrup 
suspended by a stout silk thread or narrow silk ribbon. 
It may be made to imitate the actions of the balanced 
straw or lath. Now read § 64. 




Fig. 136. 



334. Electric Repulsion. — The suspended pith 
ball is called an electric pendulum. Bring the rubbed 
glass rod near the pith ball again. It will attract the ball 
as we have already seen in the last paragraph (Fig. 137). 
Allow the ball to touch the rod and notice that in a mo- 
ment the ball is thrown off. If the ball be pursued with 
the rod, it will be found that the rod that a moment ago 
attracted now repels it (Fig. 138). Touch the ball with 
the finger ; it successively seeks the rod, touches the rod, 
flies from the rod. Bepeat the experiments with the 
sealiag-wax after it has been rubbed with flannel. Rub 
the glass rod with silk and bring it over the small scraps 
of paper ; notice that after the attraction the paper bits 
do not merely fall'down, they are thrown down. 
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Fig. 138. 



335. Electric Force.— We must by this time 
recognize the fact that we are dealing with a new class of 
phenomena. We have an i^enthere capable of producing 
motion ; we have indisputable evidence of the presence 
of a force. This force is called electriciiy. Mectricity 
is a force manifested by the peculiar phenomena of 
attraction and repulsion. It is believed that electricity 
is a form of molecular motion^ but this belief rests upon 
analogy rather than demonstration. 

326. Two Kinds of Electricity.— Prepare two 

electric pendulums. Bring the electrified glass rod near 
the pith ball of one ; after contact, the ball will be repelled 
by the glass. Bring the electrified sealing-wax near the 
second pith ball ; after contact it will be repelled by the 
wax. Satisfy yourself that the electrified glass will repel 
the first; that the electrified sealing-wax will repel the 
second. Let the glass rod and the sealing-wax change 
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hands. The first ball was repelled by the glass ; it will be 
attracted by the sealing-wax. The second ball was repelled 
by the sealing-wax; it will be attracted by the glass. 
These experiments clearly show that the electricity 
developed on glass is different in kind from that 
developed on seaZing-wax. They exhibit opposite 
forces to a third electrified body^ each attracting what the 
other repels. 

327. The Two Electricities Named.— As the 

two kinds of electricity are opposite in character, they 
haye received names that indicate opposition. Th^ elec- 
tricity developed on glass by nibbing it ivith sUk is 
called positive or + ; that developed on sealing-wax 
by rubbing it with flannel is called negative or — . 
The terms vitreous and resinous respectiyely were formerly 
used. 

328. Only Two Kinds of Electricity.— By 

repeating the experiments of § 326 with other substances^ 
it is found that all electrified bodies act like either the 
glass or the sealing-wax. 

329. The Law of Electric Action.— By the 

experiments already performed, we haye made evident the 
fact that two bodies charged with like electricities 
repel each other ; two bodies charged with opposite 
electricities attract each other. 

330. The Test for Either Kind of Electricity.— 

When the ^ith ball was attracted by the rubbed glass it became, 
during the time of contact, charged with the + electricity of the 
glass ; hence it was repelled. When it was attracted by the rubbed 
sealing-wax it became, during the time of contact, charged with the 
— electricity of the wax ; then it was repelled. But either the wax 
or the glass attracted the uncharged pith ball. We must therefore 
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remanber that attraetion affordt no mft tut for tht kind qf Ate- 
trieitif, vikUe repuition doe». If glaaa mbbed wiUi silk repelB a bodf , 
that body ia charged with + etectricitf. If Bealing-wax rubbed i ,, 
with flannel repels a body, that bodf ia charged with — ^ectricit;. J^ 

331. Electroscopes. — <dn instrumejit used to 
detect the pres- ^^ 

ence of eleetric- ^^^^ 

ity, or to deter- ^^ 

mine its hind, is \ 

called an electro- ""^J^ 

scope. The eleo- Igg, 

trie pendulum ^ 

(§ 334) is a com- 
mon form of tbe 
electroHcope. Two 
vertical strips of , 
tisane paper, hang- I 
log side by side, 
constitnte a simple 
electroscope. It is well to prepare the paper beforehand 
by soaking in a strong solution of salt in water and drying; 
The gold leaf electroscope is represented in Pig. 139. A 
metallic rod, which passes through the cork of a glass ves' 
sel, terminates below in two narrow strips of gold leaf and 
above in a metallic knob or plate. The object of the 
vessel is to protect the leaves from mechanical disturb- 
ance by air currents. The upper part of the glass is often 
coated with a solution of sealing-wax or shellac in alcohol, 
to lessen the deposition of aqueous vapor from the atmos- 
phere. This instrument when well made is very delicate. 

332. Use of the Electroscope.— (a.) The electric pendu 
Imn ig used as an electroscope as foUowa ; If the uncharged pith 



Fig. 139. 
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ball is attracted by a body brought near it, the body is electrified. 
To determine the sign of the electricity of the body thus shown to 
be electrified, the pith ball is allowed to touch it and be repelled. 
If now the ball be repelled by a glass rod rubbed with silk (or by 
any other body known to be positively charged), the pith ball and 
the body in question manifest + electricity. If the pith ball, after 
repulsion by the body whose electricity is under examination, be 
repelled by sealing-wax rubbed with flannel (or by any other body 
known to be negatively charged), the pith ball and the body in 
question manifest — electricity. 

(&.) One way of testing with the gold leaf electroscope is to 
touch the knob or plate with the electrified body. The knob, rod 
and leaves are thus charged with the same kind of electricity, 
and the leaves diverge. If the leaves be rendered more diver- 
gent by holding a positively electrified body near the knob, the 
original charge was + ; if this effect be produced by a negatively 
charged body, the original charge was — . This method is objec- 
tionable for the reason that if the original charge be at all intense^ 
it is likely to tear the gold leaves. A safer method is as follows - 
Cautiously bring the electrified body riear the knob ; the leaves 
will diverge. Touch the knob with the finger ; the leaves will fall 
together. Remove first the finger and then the electrified body; 
the leaves will diverge again. If now the divergence of the leaves 
be increased by bringing a positively charged body near the knob, 
the original charge was — ; if the divergence be thus diminished, 
the original charge was + . (See Appendix, K.) 

• 333. Conductors. — Prom a horizontal glass rod or 
tightly-stretched silk cord, suspend a fine copper wire, a 
linen thread and two silk threads, each at least a meter 
long. To the lower end of each attach a metal weight of 
any kind. Place the weight supported by the wire upon 
the plate of the gold leaf electroscope. Bring the electri- 
fied glass rod near the upper end of the wire ; the gold 
leaves instantly diverge. Repeat the experiment with the 
linen thread ; in a little while the leaves diverge. Repeat 
the experiment with the dry silk thread ; the leaves do not 
diverge at all Rub the rod upon the upper end of the 
silk thread; no divergence at all. Wet the second silk 
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cord thoroughly, and with it repeat the experiment; the 
leaves diverge instantly. Balance a meter stick or common 
lath upon a wine-glass. About an inch below one end of 
the stick support a few bits of paper or gold leaf. To the 
other end of the lath bring an electrified glass rod. The 
bits of paper will be alternately attracted and repelled by 
the stick. Continue these experiments with other sub- 
stances until you are convinced that sorrve substances 
transmit electricity readily and that others do not. 
Those that offer little resistance to the passage of elec- 
tricity are called co7iduclorsj those that offer great resist- 
ance are called non-conductors or insulators, A conductor 
supported by a non-conductor is said to be insulated. 

334. Electrics. — ^ny substance, when insulated, 
may be sensibly electrified ; but when an uninsulated 
conductor is nibbed, the electricity escapes as fast as 
it is developed. Thus we see that the old division of 
bodies into electrics and non-electrics, or bodies that may 
be electrified and those that cannot be electrified, is nothing 
more than a division into conductors and non-conductors. 

(a ) Suspend a copper globe or other metal body by a silk thread 
and strike it two or three times with a cat's skin or fox's brash. 
Bring the gold-leaf electroscope near the globe. The leaves will 
diverge. 

335. Theory of Electricity.— According to one provi- 
sional theory, electric action is due to two fluids, each self -repulsive ; 

both mutually attractive (§§ 308, 809). When these opposite fluids 
(+ and —) are mixed in equal quantities, they neutralize each other 
and afford no manifestations. All bodies in the natural or unelec- 
trifled condition are pervaded by large quantities of this neutral 
fluid. By friction, chemical action and other means, this fluid may 
be decomposed, its two constituents being torn asunder. One fluid 
clings by preference to the rubber ; the other to the body rubbed. 
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Wlien a body is electrified, it gives up a part of one of the fluids 
and gains an equal amount of the other. The change is wholly in 
the kind ; not at all in the quantity. The body which has an excess 
of + electricity is posiHvdy electrified. This involves an excess of 
— electricity in some other body which is negatiody electrified at 
the same instant Hence the electricity of the rubber must be of 
the kind opposite to that of the body rubbed. Experiment confirms 
the deduction. 

336. Electric and Magnetic Fluids Compared.— 

These two sets of imaginary fiuids have many obvious points of 
resemblance, but they have one marked difference. Neither mag- 
netic fluid can leave the molecule to which it originally pertained ; 
either one of the electric fluids may leave its molecule and bd J 
replaced by a like amount of its opposite. /^iJ^ 

337. Induction. — ^From several of the preceding 
experiments we see that actual contact with an electrified 
body is not necessary for the manifestation of electric 
action in an unelectrified body. When an electrified body 
C, is brought near an insulated unelectrified conductor B, 
the neutral fluid of the latter is decomposed by the influ- 
ence of the former. The electricity of C, repels one con- 
stituent of the neutral fluid in B and attracts the other, 
thus separating them. The second body, B, is then said to 

be polarized. The same fluids of 
By each of which a moment ago 
rendered the other powerless, are 
still there in full quantity, but 
they have been separated and each 
clothed with its proper power. 
This eflfect is due to the mere 
presence of the electrified body C, which is said to decom- 
pose the neutral fluid of B by induction. When C is 
remoyed, the separated fluids of B again mingle and nen- 
traUzo each other. 
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338. Aiialogous to Magnetic Induction.— We 

must master this subject even at the expense of repetition, 




Fig. 141. 

for induction is the only stepping-stone to an intelligent 
comprehension of what follows. If an insulated conductor, 
bearing a number of pith ball (or paper) electroscopes, be 
brought near an electrified body, C, but not near enough 
for a spark to pass between them, the pith^balls near the 
ends of the conductor will diverge, showing the presence 
of uncombined electricity. The pith balls at the .middle 
of the conductor will not diverge, marking thus a neutral 
line. 

339. Charging^ a Body by Induction.— If the 

polarized conductor be touched with the hand, or other- 
wise placed in electric communication with the earth, 
the electricity repelled by C will escape, and the pith balls 
at B will fall together. The electricity at the other end 
will be held by the mutual attraction between it and its 
opposite kind at V, The line of communication with the 
ground being broken, and the conductor then removed' 
from the vicinity of <7, it will be found charged with elec- 
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tricity opposite in kind to that of C. Thus a body may be 
charged by induction with no loss to the inducing body. 

340. Successive Induction.— If a series of insu- 
lated condactors be placed in line as shown in Fig. 142^ 
and a positiyely electrified body be brought near, each 
conductor will be polarized. The first will be polarized by 
the influence of the + of C; the second by the influence 
of the + of Jfi and so on. 

(a.) Either electricity from If or JIT may be carried by a small 
insulated body, called a proof -plane (Pig. 158), to the electroscope, 
there tested and found to be as represented in the figure. If the 
conductors if and ilTbe now placed in actual contact, the + of both 
will be repelled by C to the f urtherest extremity of N and the 
— of both attracted to the opposite end of if, near to C, 

e 




Fig. 142. 

(6.) It is very plain that any body may be looked upon as a collec- 
tion of many parallel series of such conductors, each molecule 
representing a conductor. Thus each molecule may be polarized, 
+ on one side and — on the other. If the body in question be a 
good conductor of electricity, this polarization of the molecules is only 
for an instant. The two electricities pass from molecule to mole- 
cule and accumulate at opposite ends of the body. The body is 
then polarized, but not the molecules of the body. On the other 
hand, good insulators resist this tendency to transmit the electrici- 
ties from molecule to molecule and are able to maintain a high 
degree of molecular polarization for a great length of time. In 
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341. Polarization Precedes Attraction.— 

When an electrified glass rod is brought near an insoliited 
anchai^d pith ball (electric peudu- 
1am), the pith ball is polarized as I 
showa in the fignre. Aa the — of ^ 
the ball is nearer the + of the glass S 

than is the + of the ball, the attrac- 

Fic, 143. 
tiOD 18 greater than the repalsion. If 
the pith ball be snf^nded, not by a silk thread but by 
some good conductor, the attraction viU be more marked, 
for the 4- of the ball will escape to the earth through the 
support, and the repelling component thus removed. 

JToftf.— Polarization and electriScation bf indaction expMn a bast. 
of phenomena. Let the pupil apply this principle of infiueJiee or 
indtution to polnUng out Uie changea in the poeltiona and conditions 
of tite two floide that are inTolved in the phenomena mentioned in 
§3S3. 

34!3. The Electrophorus. — This simpte instra- 
ment consists generally of a shallow tinned pan filled with 
resin, on which rests a movable 
metallic cover with a glass or 
other insulating handle. The 
reEonous plate may be replaced 
by a piece of vulcanized india- 
mhber. The metal surface 
and the resinous surface touch 
at only a few points; they are 
practically separated by a thin 
layer of air. (Appendix, K.) 

(a.) The plate is ruhbad or atrack 
FiO. 144. ^'^^ flannel or oatgkin, and thoa 
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negativel; electrified. The cover Is then placed apon the realn 
■nd thoH poluiied by Indactloii. If the cover be provided with 
a gold-leaf electroscope, the free negative electiidty of the cover 
will cauBe the leaves to diverge ; the poritive eleetiicitf of the 
cover will be "boand" on the nnder side of the cover by the 
Bttraciloa of the negative of the pUta Hemove the plate, and 
the separated fluids reunite as la shown by the falling together 
of the lately divergent gold leaves. Place the cover again upon 
tlie piste. Pol&riistion is msmifesled by the divergence of the 
leaves. Touch the cover with tlie finger as shown In the figure ; 
the free — electricity escapes and the leaves fall. The cover is now 
charged pofdUvely, but Its eleetridty is sll " boond " st the under 
snrfsce of the plate, and cuinot cause the leaves to separate. Re- 
move the plate by Its insulating handle, and the electricity, lately 
" bound " but now " free," diiluses Itself , and the leaves are dtvergmt 
with + electricity. The charged cover will give a spark to the 
knncUe or other onelectrifled twdy presented to it. (Fig. 14S.) 

343. Tbe Electrophoma Chai^^ by Induc- 
tion. — The cover may bo tbns charged and discharged 
an indefinite Dumber of times, in Tavorsble -weather, 
without a second elec- 
trifying of the resinous 
plate. This could not 
happen if the electricity 
' of the cover were drawn 
- from the plate. More- 
over, if the charge of 
the cover were drawn 
from the plate, it would 
be — , and not +. 
There is no escape from 
the coDClusioQ that the 
cover ia charged by in- 
duction, and not by con- 
duction. (See Appeud- 
IX E.) 
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(a.) If the resin were a good conductor like the metal cover, its 
molecules would all receive + electricity from the cover and give 
~ electricity to it. But as the resin is a poor conductor, only the 
very few molecules that come into actual contact with the cover at . 
each charging have their electrical equilibrium restored. The + of 
the cover cannot pass through them to their electrified neighbors. 
Hence it requires a great many placings of the cover upon the plate 
to discharge the plate by reconveying to it the + electricity removed 
at its electrification. When the cover is charged, it gives up part 
of its — electricity ; when it is discharged, it receives this — elec- 
tricity, back again from the body which discharges it. As this 
giving and taking is neither to nor from the resin, it may be con- 
tinued indefinitely. A Leyden jar (§ 358) may be charged with an 
electrophorus. 

344. Effect of Pointed Conductors.— Before 

proceeding to study the electrical machine we need to 
understand something of the action of pointed conduo' 
tors. The reason of this action we shall see more clearly 
as we proceed ; but the action itself, yiz., that a strong 
charge of electricity will easily and quietly escape from 
a pointed conductor, is clearly shown by the following 
experiments: Place a carrot horizontally upon an insu- 
lating support. Into one end of the carrot stick a sewing- 
needle. Bring the electrified glass rod near the point of 
the needle without touching it. The — electricity of the 
carrot escapes from the point to the rod and the carrot 
is positively charged. And now for another experiment, 
not so easily made, but still certain to succeed if you are 
careful. Excite the glass rod, turn the needle away 
from it, and bring the rod near the other end of the 
carrot. The positive electricity is now repelled to the 
point from which it will stream into the air. Eemove 
the rod and test the carrot ; it is negatively electrified. 

346. The Plate Electric Machine.— This instrument is 
represented in Fig. 146. It consists of an insulator (or electric), a 
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rabber, a negative and b prime condactor. The electric )b a glui 
plftte, one, two or tliree leet in diameter. This piate has an ails 
and tumdle, and is supported apon two upright coIumnH. The mb- 



FlG. 146. 
ber is made of two cushions of AVu or leather, covered witli amal- 
gam. They press upon tlie sidHs of the plate and are supported 
from the negative conductor, with which they are in electric con- 
nection. Tlie negative conductor, 2i, is supported upon an insulat- 
ing column and placed in electrical connection with the earth by 
means of a chain or wire, not shown in the figure. Tlie prime 
amductor, C. is supported upon an insulating column. One end of 
the prime conductor terminates in two HmiB, which extend one on 
either side of the plate. These amis being studded with points 
projecting toward the plale are called combs. The teeth of the 
comt)s are not shown in the figure ; they do not quite touch the plate, 
A silk lag is often supported so as to enclose the lower part of the 
plate. All parts of the instrument except the teeth of the comls 
are (^refully rounded and polished, sharp points and edges being 
avoided. 

346. Operation of tlie Plate Machine.— The 

plate is turned by the handle. The neutral fluid is de- 
composed by the friction of the rubbers. The + of the 
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rubber and negatire conductor passes to the place; the -^ 
of the plate passes to the rubber and negative conductor. 
The part of the plate thus positively charged parses to the 
combs of the prime conductor, being protected by the silk 
bag from discharge (neutralization) by the air on the way. 
The + of the plate acts inductively upon the prime 
conductor, polarizes it, repels the + and attracts the — 
electricities. Some of the — electricity thus attracted 
streams from the points of the combs against the glass, 
while some of the + of the glass escapes to the prime 
conductor. This neutralizes that part of the plate, or 
restores its electric equilibrium, and leaves the prime con- 
ductor positively charged. As each successive part of the 
plate passes the rubber it gives off — electricity and takes 
an equal amount of +; as it passes between the combs it 
gives off its + electricity and takes an equal amount of — -. 
The rubber and negative conductor are kept in equilibrium 
by means of their connection with the earth, the common 
reservoir. As the plate revolves, the lower part, passing 
from N to O, is positively charged ; the upper part, pass- 
ing from to Ny is neutralized. If negative electricity be 
desired, the ground connection is changed from Jf to C, 
and the charge taken from JV. 

# 

347. The Dielectric Machine.~Tlii8 instrument is 
represented in Fig. 147. Two plates of vulcanite (ebonite), A and 
B, overlap each other without touching, and revolve in opposite 
directions. The upper plate is made to revolve much more rapidly 
than the lower by means of the pulleys shown at the right of the 
figure. The prime conductor and the axes of the two plates are car- 
ried by two insulating pillars. From the prime conductor a comb 
is presented to the upper part of the upper plate. Another eomb 
is presented to that part of A which is overlapped by the upper 
part of B. This comb is connected by a universal joint at e with a 
discharging rod and ball, which maybe brought near the end of the 
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prime condackir or turned nwHj from it. The rabbers mA the 

lower comb are to be in 

electrical commiuiicBtion 
with the earth. The gene- 
ral anaogemelit la clearly 
Bet forth In the figure. 

348. Operation 
of the Dielectric 
Macbine. — The plato 
B is tamed directly by 
the handle, and the plate 
A indirectly by the aid 
of the pulley. The plate 
B is n^istiyely electri- 
fied by friction with the 
rubber, and thus acts 
j^ by induDtion upon tba 

lower part of A, which 
is thus polariied. The + of this part of A is bound by the 
attraction of the — of B, while the — of -4 is repelled, 
escapes by the lower comb, and is replaced by -{- from the 
earth through the lower comb and it£ ground connection. 
This part of A, thus positively chained, is soon removed 
from the inducing body, and the + charge bound by B is 
set free. It then comes te the upper comb, polarizes it and 
the prime conductor by induction, exchanges some of its 
own + for an equal amount of — teom the prime con- 
ductor. This neutralizes that part of the upper plate, and 
leaves the prime conductor positively charged. As each 
successive part of A passes the lower comb it gives off — 
electricity and takes an equal amount of -f- ; as it passes 
the upper comb it gives off + electricity and receives an 
equal amonnt of — . The chai^ of i? is continually 
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maiatuned by friction witb the rubber. Wben the dis- 
charging rod and ball are brought near the prime con- 
ductor, as ahown in the figure, a rapid succession of sparks 
is produced, owiug to the recombination of the separated 
electricities. If another body is to be charged from the 
prime conductor, the ball and rod may be turned a^de. 
The power of this machine is greater than that of the plate 
or cylinder ma- 
chine ; it is less 
affected by at- 
mospheric moist- 
ure, and is more 
compact j -w 

S49. The '. 
Hottz Electric ' 

Machine.— This 
instrument is repre- 
sented in Fig. 148. 
It contains two thin drcniar plates of glass, the larger of which is 
held fast \>j two fixed pillars. The enmtler plate revolves mpidly 
verj near it. There are two holes in the Gied plate near the 
extremities of its horizontal diameter. To the sides of these open- 
ings are fastened paper hands called armataTee. Opposite these 
armatares, and separated from them \>y the revolving plate, are 
two metallic comi)s, connected respectively with the two knohe 
shown in the front of the picture. One of these knohe is carried 
by a sliding rod so that their distance apart is easily adjusted. In 
n^ng the machine, the knohs aro placed in contact, one of the 
armatures is electrified h; holding against it an electrified sheet of 
vulcanite, the handle is turned for a "few seconds, and the knobs 
gradually separated. A series of electric discharges between the 
two knobs takes place. When this machine works well, it ^ves 
results superior to either of those previously mentioned. It is, 
however, peculiarly subject to atmospheric conditions, and is gen- 
erally considered extremely capricious. 

Naie. — When used, any electrical machine should be free from 
dost and perfectly dry. It should be warmer than the atmosphere 



Fig. 148, 



^ 



BLECTBIC DENSITY. 213 

of the room, that it may not condense moisture from the surrounding 
air. The dryer the atmosphero the better will be the action of the 
machine. 

360. Electric Density or Tension.— We already 
have the idea that all bodies^ at all times and under all 
conditions, have a certain quantity of the electric fluid. 
This quantity may be all + or all — , or partly one and 
partly the other, the + and — mingling in all propor- 
tions. The kind may vary; the quantity is constant. If 
this quantity be equally divided between the + and the — , 
the body is unelectrified. If the + be slightly in excess, 
the body is feebly charged positively, and vice versa. If 
more — be replaced by more +, the positive charge is 
increased ; that is, the excess of the positive over the neg- 
ative is increased. This excess is the resultant or available 
force. If all of the — could be removed and an equal 
amount of + substituted therefor, the resultant would 
equal the -total constant quantity and the charge would 
reach the theoretical maximum. What we call electric 
density or tension may be considered the value of this 
excess of either fluid over its opposite. When this excess 
or difference is great, the charge is said to be powerful or 
intense ; the density or tension is great. 

^ Questions. 

X 1. (a.) Why is electricity called a force ? (&.) How can you show 
that it is a force? (<5.) Define podtive deetricUy. (d.) Define nega- 
tive eUetricUy. (e) How can you show that there are two opposite 
kinds of electricity ? 

2. (a.) How would you test the Tdnd of electricity of an electri- 
fied body? (&.) Give the theory of two electric fluids. 

3. (a.) What is a proof plane? (6.) An electroscope? (c.) De- 
scribe one kind of electroscope, (d.) Another kind. 

4 (a.) Define electrics, coTiductors and insulators, {b.) Show the 
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relation of the first of these to each of the others. (<;.) Explain 
electric induction. 

5. (a.) If a metal globe suspended by a silk cord be brought near 
the prime conductor of an electric machine in action, feeble sparks 
will be produced. Explain. (6.) If the globe be held in the hand, 
stronger sparks will be produced. Explain. 

Recapitulation. — In this section we have considered 
Electric Attraction and Repulsion ; Electricity as 
a Force ; the existence of Ttvo Kinds of Elec- 
tricity and their names; the l^ecw of Electric Action ; 
Tests for the presence and kind of Electricity; Elec- 
troscopes and their nse; Conductors, Insula- 
tors and Electrics ; the Theory of Electric Fluids ; 
Electric Induction; Inductive Electrification ; 
that Polarization Precedes Electric attraction ; 
the Electrophorus ; the Plate and the Dielectric 
machines and the Operation of each; the Holtz 
machine ; Electric Tension, 
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ELECTRIC CONDENSERS; LIGHTNING; EXPERI- 
MENTS. 

351. Condensation of Electricity.— By the 

words condensation of electricity we mean the process of 
increasing the charge which a body may receive from an 
electrified body having a given tension. If an insulated 
conductor be brought into contact with the charged prime 
conductor of an electric machine, the intensity of the 
charge received cannot exceed that of the prime con- 
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doctor, for obriouB reasons. But if two conducting plates, 
^ and B, separated by a non-conductor, C, be connected 
" with the prime conductor, and 

■ n * the plate. A, proyided with a 

ground connection, as shown 
in Fig. 149, the ohai^ of if 
\ will be more intense than that 

I of the prime conductor; its 

jr I tension will be greater than 

" 1 that of the charging body. If 

a third plate like S, but having 
no opposite plate like A, be 
r connected with 5 by a copper 
Fig 140. wireandthemiddleofthewire 

brought into contact with the 
pnme conductor, nearly the whole charge will go to 5 and 
very little to the third plate, which has no condenser like A. 
352. Electric Condensers. -The electric condenser Is a 
contrivance by which the tenaion 
of the body charged may be mode 
greater than tbe tension of the 
body chafing. Let A and B. 
Kg- 150, represent two inHnlated 
metallic platea about sii inches in 
diameter, separated by 0. a plate 
of glass somewhat larger. Let 
each metallic plate have an elec 
toe pendalum, rt and 6. Remove 
A. and connect S with the con- Fiq iw 

doctor of the doctric machine. 

The divergence of 6 ahowa the presence of free electricity. If ^^ 
wire X were now ont. no change would lake place. Connect A w.v 
tte ground by Ihe wire y, and pb«e in position as wpreaented ^ 
We inductive influence of B, the neutral electricity of J is dec-™ 
PMed. its negative electricity being drawn to the anrface j, ' 



wire X were now ont. no change would lake place. Connect A w.v 
tte ground by Ihe wire y, and pb«e in position as wpreaented ^ 
We inductive influence of B, the neutral electricity of J is dec-™ 
PMed. its negative electricity being drawn to the enrface n JT"' 
the positive escapes by y. But thia negative electricity at n L7^^^ 
tbe positive of B largely to the surface m, and holda it th 
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hnad e1ectildt7. This change ia shown b; lees divergence of I, 
CoDBeqiientl7 B can. receive more electridtj from the machine, 
which will attract more 
negative electricitj to 
». This further sup- 
ply will in turn bind 
more of the poeitivo 
electridty of £ at m. In 
this waj a luge quan- 
tity of positive elec- 
tricity may l)e accumu- 
lated at m, and a large 
quantity of negative at 
n. This accumulation 
may thus go on nntU j 
the inteuBity at the 

sarface, p, is equal to Pi(j_ iji_ 

that of the machine, as 

It was wben A was absent. Interrupting communication by x and y, 
both plates are charged. The vertical pendulum a shows no free 
electricity, the electridty of A being all bound at n ; the pendulum 
at h sbowH some free electricity, although the greater part of the 
electricity of B is bound at m. Remove A and B from each other, 
and the bound electricity of each is set free, and both a and b are 
widely divergent. The complete apparatus is represented by Fig. 151. 

353. The Leyden Jar.— Tho Leyden jar consists of 
a glass jar coated within and without for aboat two-thirds 
its height with tinfoil. The month of the jar is closed 
with a cork through which passes a metallic rod, commn- 
nicating by means of a small chain with the inner 
coat and terminating above in a knob. The cork 
and the upper part of the jar are generally coated 
with sealing-wax or shellac varnish to lessen the 
deposition of moisture from the air. It is evi- 
dently a modified electric condenser. The inner 
coat represents the collecting plate B ; the glass 
I jar, the insulator plate C; the outer coat the 
Fig. 151, condensing plate A (Fig. 150). 
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354* Charging the Leyden Jar. — To charge the 
jar^ hold it in the hand as shown in Fig. 153^ and bring 
the knob near or into contact with the prime conductor of 
an electrical machine which is in action. 

(a.) The prime conductor being positively charged attracts the — 
from the inner coat and replaces it with its own +. This + charge 
of the inner coat acting inductively through the glass polarizes the 




Fig. 153. 

outer coat, repelling the + which escapes through the hand to the 
earth, and binding its — to the surface in contact with the glass. 
This bound negative electricity of the outer coat, in turn, binds the 
positive of the inner coat, and so on. If, instead of holding the 
outer coat in the hand, the jar be supported upon a pane of glass so 
that the repelled electricity of the outer coat cannot escape, the jar 
cannot be very intensely charged. 

355. Discharging the Leyden Jar.— The jar 
might be discharged by tonching the knob with the finger, 
the separated electricities coming together through the 
person of the experimenter and the earth. In this case the 
experimienter will feel a " shocf If the charge be intense, 

the shock will be painful or 
even dangerous. It is better 
to use a "discharger," two 
forms of which are represented 
in Fig. 154. This consists 
of two metal arms hinged 
Fig. 154. together, carrying knobs at 

10 
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their free ends and carried by insulating handles. The 
outer coat should be touched first. Why ? 

356. The Leyden Jar with Movable Coats,— This 
piece of apparatus is represented bj Fig. 155. The three parts being 
placed together in proper order, B within A and G within B, the 
jar is charged in the usual manner. The inner coat C is then 
removed with a glass rod and touched with the hand to discharge it 
fully. B is then lifted out from A and the outer coat fully dis- 
charged. The three parts are then put together again and found to 
be able to give nearly as strong a spark as at first. This seems to 
indicate that the charge rests upon the sur- 
faces of the glass rather than upon the sur- 
faces of the coats. If when the charged jar is 
in pieces, the thumb be placed on the outer 
surface of the glass and the forefinger of the 
same hand on the inner surface, a very slight 
shock is perceptible. The oppositely charged 
glass molecules that come into actual contact 
with thumb and finger respectively are dis- 
charged. By changing the position of the 
thumb and finger, successive little shocks 
may be felt as successive portions of the 
inner and outer surfaces of the glass are dis- 
charged. The inner coat furnishes a means 
for the simultaneous discharge of the inner 
layer of glass molecules ; the outer coat does 
the same for the outer layer of glass mole- 
cules. Thus all or nearly all of the electrified 
glass molecules may be discharged simul- 
taneously instead of successively. „ 

^ Fig. 155. 

357. The Leyden Battery. — The effect that may 
be produced with a Leyden jar depends upon its size and 
the thinness of the glass. But a large jar is expensive and 
requires great care; thin glass is liable to perforation by 
the condensed and strongly attracting electricities of its 
two coats. To obviate both of these diflBculties a collection 
of jars is used. When their outer coats are in electric com- 
munication, which may be secured by placing them in a 
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tray, the bottom of which is covered with tinfoil, and their 
inoer coats are cooaected by wires or metal Btrips passing 



from rod to rod, or from ksob to knob, the apparatus 
is called a Leyden or electric battery. The battery is 
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charged and dischai^ed in the same way && a angle jar; 
bat great care is needed, for if the discharge were to take 
place through the hamau body the result would be serions 
\lind possibly fatal 

^ 358. Distl-ibution of Electricity.— Many ex- 
' 1 periments have been made which go to show that when a 
body is electrified, the electricity passes to the surface and 
escapes if the body be not insulated. A bomb-shell aod a 
cannon-ball of equal size will receive equal quantities of 
electricity from the same source. The hollow conductors 
used in electric experiments are as serviceable as if they 
were solid. 



Fig. 158. 

(a.) A metal globe with an itisulating support (Fig. 167) i* P">- 

vided with two cloeely -fitting hemifiplieiical shells having insuUting 
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handles. Electrify the globe ; bring it near the electroscope to be 
sure that it is electrified. Place the hemispheres upon the globe. 
Remove them quickly, being careful that their edges do not touch 
the sphere after the first separation. Bring first one shell and then 
the other near the electroscope ; they are electrified. Bring the 
globe itself near the electroscope. It is no longer electrified. Delicate 
manipulation is needed to make the experiment successful. You 
will fail, perhaps, more times than you succeed. But when the 
experiment is successful, it is instructive. The apparatus is called 
Blot's hemispheres. 

{b.) Charge with electricity a hollow sphere having an orifice in 
the top. Bring a proof -plane, made by fastening a disc of gilt paper 
to a long thin insulating handle, into contact with the outer surface 
of the sphere. The proof plane is charged by the sphere, as may be 
shown by bringing it near an electroscope. Discharge the proof - 
Diane and bring it into contact with the inner surface of the sphere. 

I Remove it carefully without allowing it to touch the sides of the 
>J orifice. Bring it to the electroscope. It is not charged. (Fig. 158>) 

■^ (c.) Vary the experiment by the use 

, of Faraday's bag. This consists of a 

* conical bag of linen, supported, as 

> ^ shown in Fig. 159, by an insulated metal 

^ hoop five or six inches in diameter. A 
long silk thread extending each way 
from the apex of the cone enables the 
experimenter to turn the bag inside- 
out without discharging it. Whichever 
. surface of the linen is external, no elec- 
tricity can be found upon the inside of 
the bag. Nothing can be more conclu- 
sive than this. 

(d,) Vary the experiment by the use 
of a hat suspended by silk threads. 
Notice that the greatest charge can be obtained from the edges ; 
less from the curved or flat surface ; none from the inside. 

Nate. — This rule does not apply to an electric current. A hollow 
wire will not conduct electricity as well as a solid wire of the same 
diameter. Electricity may be drawn to the inside of a hollow con- 
ductor by placing there an insulated body oppositely charged. ^^ . 

359. Distribution of Electricity on tlie 
Surface* — ^Experiments show that when a sphere is 
charged, the electricity is evenly distributed over the sur- 
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&ce. Similar experiments on an elongated cylinder, like 
the prime conductor of the electric machine, show that 
the density is greater at the ends. On an ovoid conductor, 

like that shown in Fig. 160, the density is 
greatest at the smaller end. In general, the 
electric density is greatest on those parts of 
a charged conductor which project the most 
and have the sharpest ends. This tension 
at a point may become so great that the 
Fig. i6o. electricity will escape rapidly and quietly. 
This explains the action of points, which plays so impor- 
tant a part in the action of electric machines. This 
property will be illustrated in several of the experiments 
in § 371. It is also fundamental to the action of lightning- 
rods. , '^ 







360. Atmospheric Electricity.— The identity of 
lightning with electricity, though long suspected, was first 
proved by Franklin's famous kite experiment. The at- 
mosphere is, at all times, more or less electrified. The 
kind and intensity of this atmospheric electricity varies at 
different times. In fair weather, the atmospheric elec- 
tricity is generally positive. The friction of moving masses 
of air probably contributes to the presence of atmospheric 
electricity. 

361. Electrified Clouds. — Dry air being a poor 
electric conductor (§ 333), the air particles discharge 
their electricity into each other slowly and with difficulty. 
The electricity thus prevented from accumulating has 
little density or tension, and hence gives few manifestations 
of its presence. The moist particles which constitute a 
cloud being good conductors, the atmospheric electricity 
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involved in the cloud is quickly discharged from one 
particle to another^ and accumulates on the surface of 
the cloud (§ 358). A cloud may thus become intensely 
charged. The charge is generally positive. 

363. Lightning.— When a cloud positively charged 
floats over the earth, separated from it by a layer of 
insulating air, the inductive influence of the cloud ren- 
ders the ground beneath negatively electrified. Then the 
cloud, ground, and insulating air, correspond respectively 
to the inner and outer coatings and the insulating glass 
of a Leyden jar. As the charge of a Leyden jar may be 
made so intense that the mutual attraction of the sepa- 
rated electricities will result in their rushing together and 
thus piercing the jar (§ 357), so the chiarge of a cloud 
may become suflSciently intense to overcome the inter- 
vening resistance and a lightning stroke ensues. Two 
clouds charged with opposite electricities may float near 
each other. Then they, with the intervening air, may be 
looked upon as constituting a huge Leyden jar. Thus we 
may see the lightning leaping from cloud to earth, or 
from cloud to cloud. 

363. Liglitning-Rods.— The value of lightning- 
rods depends upon the tendency of electricity to follow 
the best conductor, and upon the effect of pointed con- 
ductors upon electrical intensity (§ 359). The lightning- 
rod should, therefore, be made of a good conductor; 
copper is better than iron. It should terminate above in 
one or more points, tipped with some substance that may 
be corroded or fused only with extreme diflSculty. Plati- 
num is a metal which satisfies these conditions very well. 
The rod should extend above the highest point of the 
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bailding in order to offer the electricity the shortest path 
to the ground. It is important to have each projecting 
part of the building, as chimneys, towers and gables, pro- 
tected by a separate rod. The rod should afford an un- 
broken connection ; the joints, if there be any, should be 
carefully made. The rod should teiminate below in water, 
or in earth that is always moist A rod haying a blunted 
tip, a broken joint, or terminating in dry earth, is more 
dangerous than, no rod at all, 

{a) The greatest value of a lightning-rod is due to its quiet work 
in the prevention of the lightning stroke. Bring the point of a knife- 
blade near the conductor of an electric machine in operation, and 
notice the instant cessation of sparks. The quiet passage of elec- 
tricity from the earth neutralizes the charge of the conductor and 
restores the electric equilibrium. In the same way, a Ughtning-rod 
tends to restore the electric equilibrium of the cloud, and prevent 
the dangerous discharge. For this quiet but very Taluable service, 
few persons ever give the rod any credit. Every leaf of the forest 
and every blade of grass is a pointed conductor acting in the same 
way. (§871 [9].) 

364. Velocity of Electricity and Duration 
of the Spark. — ^Experiment has shown that the 
velocity of electricity along an insulated copper wire is 
about 288,000 miles per second, and that the duration of 
the electric spark is not more than ttWit ^' ^ second. 
The danger from any lightning stroke has passed when we 
hear the crash. (§ 425.) 

365. Thermal Effects.— When an electric current 
has to oyercome a resistance in its passage/ beat is pro- 
duced. By passing a strong current over a small wire, the 
wire may be heated to fusion. Metals have even been 
vaporized by electricity. The worse conductor a wire is, 
the more it is heated. See § 371, [19]-[23]. By means 
of a Leyden battery and a universal discharger, remark- 
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able thermal effects may be obtained. Houses are some- 
times set on fire by lightning. 

366. Luminous Effects.— The luminous effects of 
electricity are due to discharges through bad conductors. 
The electric spark is the most famiUar example. The 
glow seen when electricity escapes from a pointed con- 
ductor in the dark, and the various forms of lightning, 
render ^miliar the luminous effects of electricity. (§ 371, 
[24]-[31]). 

367. Magfuetic Effecto. — A common needle may 
be magnetized by winding about it a covered copper wire 
and discharging a Leyden jar through the wire. The 
magnetic effects of electricity are better and more com- 
monly shown with Voltaic electricity. (§ 392.) 

368. Chemical Effects.— The electric spark may 
be made to produce chemical combination or chemical 
decomposition. Ammonia gas (NH3), or carbonic acid 
gas (COa), may be decomposed by passing a series of sparks 
through it. A mixture of oxygen and hydrogen may be 
caused to enter into chemical union by the electric spark, 
the product of the union being water (H,0). (§ 371 [35].) 

369. Mechanical Effects.— The piercing of the 
glass walls of an overcharged Leyden jar affords a good, 
though expensive, illustration of the mechanical effects of 
electricity. Trees and telegraph poles shattered by light- 
ning are not.urJamiliar. (§ 371 [32]-[34].) 

{a.) Charge a Leyden jar. In discharging it, hold a stiff card 
between the knob of the jar and the knob of the discharger. A 
hole will be pierced throngh ihe card. By the side of this hole in 
the card make another with a pin. Any one can tell by examina* 
tlon of the pin-hole from which side of the card it was pierced ; it 
is burred on only one side. Not so with the perforation made by 
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electridtr ; U U burred on both tide*. The pheaomeiu of ftttrnctioD 
and repnlsioii, alreadj mide familiar, come under this Iiead, 

370. PhyBiological Effects. — The "electric 
shock," which is phyBiologioal io its nature, is familiar to 
most persons. The sensation thns produced cannot be 
described, forgotten or produced by any other agency. It 
has beea fonnd an efficient agent in medical practice. 
Sach esperiments, however, should be performed with 
caution. 

(a.) If tlie membeiH of a class form a cludn by joining handa, the 
first member holding a feebly-charged Lejden jar by ita onter coat, 
and the last member touching the knob, a eimultaneoae shock will 
be felt by each person in the chain. A single Lejden jar has thus 
been discharged through a regiment of 1600 men, each soldier 
receiving a shock. Dr. Priestley killed a rat with a battery of seven 
feet of coated surface, and a cat with a battery of forty feet of 
coated surface. V^ "> 

371. Apparatus and Experiments.— It is not 

x-^s. necessary nor very desirable that all of the 
— ,^^— J foUowingesperimentsbeperformed. Several 
of tbem involve the same principle ; but one 
teacher may have one piece of apparatas and 
another, another piece. 

' (1.) Fig, 161 repre- 
^ Bents the "electric 



Fig. i6i. bells." The metal 
frame is hung from 
the prime conductor. The right-hand 
bell is suspended by a wire ; the other 
bell is suspended by a silk cord and 
connected with the gronnd by means 
of a chain ban^ng on the floor. When, 
the machine is worked slowly, the 
clapper vibrates and rings the bells. 
Explain. 

(3.) In the "electric chime," repre- 
sented in Hg. 103,' the outer bells 
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are to be put into conunonication with the 
prime conductor; the larger central bell is 
in communication with the earth. The clap- 
pers are suspended b^ silk threads. When 
the machine is SI0WI7 worked, the bells begin 
to ring. Exfplain. 

(8.) In the "Leyden jar and bells," shown 
in Fig. 163, the left-hand bell is in communi- 
cation with the outer coat of the jar ; the clap- 
per is suspended b7 a silk thread. When the 
jar is charged and placed in position as repre- 
sented, the bells begin to ring and continue to 
do so for a considerable time. Explain, 

(4) The "metallic plates and dancing images " are 
represented in Fig. 164. The images are made of pith. 
The upper plate is in communication with the prime 
conductor ; the lower 6ne with the earth. When the 
machine is worked, the images dance in a very ludi- 
crous, manner. Explain, Pith balls may be substi- 
tuted for the images, the resulting phenomena being 
known as " Yoltals hail." The experiment may be 
simplified by electrifying the inner surface of a glass 
tumbler by rubbing it upon the knob of the prime 
conductor, and placing the tumbler over some pith 
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balls on the table. 



Fig. 164. 




Fig. 165. 



(6.) In the " electric swing," shown in Fig. 165, 
the boy is suspended by silk cords. One of the 
insulated knobs is in communication with the 
earth ; the other with the prime conductor. 
When the machine is worked, the boy swings to 
and fro. Explain, 

(6.) Electrify a glass rod. Toss a small sheet 
of gold leaf into the air. Bring the rod near the 
leaf. The leaf is drawn toward the rod and then 

thrown off. Chase the leaf with the rod without letting it touch 

the ground. Expiain, 

(7.) Fasten one end of a long, small copper wire to the prime 
conductor. Near the other end of the wire, tie a silk cord and hang 
it from the ceiling or other support so that the end of the vertical 
part of the wire shall be at a convenient height. To this end of the 
wire attach a tassel about four or five inches long made of many 
strips of light tissue paper. Work the machine and the leaves will 
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Fig. i66. 



diverge. Explain, Extend toward it your clenched fist ; the leaves 
seek the fist. Explain, Instead of your fist, hold a needle toward 
the tassel ; it will be blown away. Explain, Hold the needle 
upright under the tassel. The strips will collapse. Explain, 

(8.) If the prime conductor 
be provided with a point, 
the flame of a candle held 
near will be blown away as 
shown in Fig. 166. If the 
candle be placed upon the 
prime conductor and a 
pointed conductor be held 
in the hand near the candle, 
the flame will be still blown 
away. Explain. 

(9.) Stand upon the insu- 
lating stool and place your 
left hand upon the prime 
conductor of the electric ma- 
chine. Hold in your right hand a* sewing-needle with the tip of the 
forefinger covering the end of the needle. Bring the right hand 
cautiously near the gold-leaf electroscope. Notice the divergence 
of the leaves. Now uncover the point of the needle and bring it 
near the electroscope. Notice the marked and immediate increase 
in the divergence of the leaves. Explain, 

(10.) Place an " electric whirl " (which consists of a set 
of horizontal wire arms radiating from a pivot«upported *;§ ^ 
centre, the pointed ends being all bent in the same direc- 
tion) upon the prime conductor. Work the machine and 
the arms will revolve. (See Fig. 167.) Explain, 

(11.) The " electric orrery," represented in Fig. 168, is a 
pretty modification of the "electric whirl." The short Fia 167. 
balanced bar is provided with a pointed conductor to pro- 
duce rotary motion upon its supporting 
pivot, which is one end of the long balanced 
bar. This longer bar is also provided with 
a pointed conductor and supported in turn 
upon a pivot, which may be attached to the 
prime conductor. When the machine is 
worked, the long bar revolves upon its fixed 
pivot ; the short bar revolves upon its 
Fig. 168. moving pivot. 
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(12.) If a papil, standing upon an insulating stool (a board sup- 
ported by four warm tumblers will answer) and having one hand 
upon the prime conductor of an electric machine in action, bring a 
knuckle of the other hand near one end of the balanced meter stick 
(§ 323), it will follow the knuckle. ExpUiin. 

(18.) If, instead of placing one hand upon the prime conductor, he 
hold a Leyden jar by the outer coat and by a wire connect the knob 
of the jar with the prime conductor, his knuckle will attract the 
balanced meter stick when the machine is worked. ExpUdn, 

(14) Half fill a wide glass vessel with water. Within this place 
a glass beaker and fill this to the same level with water. By a 
wire, connect the water in the outer vessel with the earth; in 
similar manner connect the water in the beaker with the electric 
machine. Give the handle of the machine a single turn. Dipping 
one finger into the outer water and another into the inner water, a 
shock is felt Exfplain, 

(15.) Coat both sides of a pane of glass with tinfoil to within three 
inches of the edge. Place the under coat in communication with 
the ground and the upper coat with the prime conductor. Place a 
coin upon the upper coat and work the machine. Try to remove 
the coin and a shock will be felt. Explain, 

(16.) Let a pupil stand upon an insulating stool and place his left 
hand upon the prime conductor. Let him with his right hand clasp 
the left hand of another pupil not insulated, their hands being pre- 
vented from actual contact by an intervening sheet of india-rubber 
cloth. After the machine has been worked a moment, let the insu- 
lated pupil remove his left hand from the prime conductor and clasp 
the free hand of his companion. At this moment of clasping hands 
a shock will be felt. Explain, 

(17.) Fasten a small paper kite by a linen thread to the prime 
conductor. When the machine is worked, the kite will float around 
the knob. Explain. 

(18.) Place a few bits of paper upon the cover of the electropho- 
ras. When the cover has been touched with the finger and lifted 
by the insulating handle, the paper will be thrown off. Explain. 

(19.) Cover one knob of the discharger with gun cotton sprinkled 
with powdered rosin. When the Leyden jar is discharged with 
this discharger, the cotton and rosin are ignited. 

(20.) The " electric bomb," represented in Fig. 169, may be made 
of ivory, heavy glass, or thoroughly-seasoned wood. The ends of 
the two metal wires are rounded and placed a short distance apart. 
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The bmnb dm? be BUed with gunpowder. One wire ie connectad 

by a chftin with the outer 

co&t of a charged Leyden 

ju. The other wire is to 

be connected with the 

Innei coat by a aet ttring 

and the discharger. The 
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sparfc between the ends 
of the two wires ignites 
Ihe powder. Try the ex- 
periment with air instead 
of powder. 

(31.) Fig. 170 iUuB- Fig. 170. 

tratea a method of Igniting an inflammable liquid, lihe ether or 
alcohol, by the electric spark. Throogh the bottom of a small gltas 
Tesael, a, passes a metal rod, having a knob at its upper extremity. 
Tlie lower end of this rod may be brought into electrical connection 
witb the oater coat of a Leyden jar. Enough ether or alcohol is 
poured into a Jnst to cover the knob. When the jar is discharged 
in the way shown in the figure, the spark ignites the liqai£ If 
alcohol Is DBed it may have to be warmed to render the experiment 
. Buccessf nl. 

(33.) tiet a pnpH, standing on an insulating stool, become charged 
by holding one hand on the prime conductor when the machine is 
in operation. If he then bring his knuckle to a metal bnmer from 
which a jet of gas is issuing, a spark will pass betweeo the knuckle 
and the burner, igniting the gas. An Argand or BuuaenbDmer 
answers well for this experiment. The experiment may be modi- 
fled by using, instead of the knuckle, an icicle held in the hand, 

(33.) The "universal discharger," shown in Fig.171, consists of a 
glass table and two insulated metal rods. The rods are provided 
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with balls, points uid pincers. They are supported upon sliding 
and hinged joints, so that they may be eaailj placed in any deslntble 
position. If the adjacent ends of the two rods be htted with ^aU 
terminations placed upon the glass (able, a small distance apart, a 
fine nire may be l^d fiom one to the other. One of the rods may 
be connected tiy a wire or chain i 
with the outer coats of a pow- 
erful battery ; the other rod 
may be connected by the dis- 
charger (ilg. 154) with the inner 
coata of the batt«ry. The cur- 
rent thus passed along the fine 
wire may heat it to incandes- 
cence, melt or even vaporise It. 

(24.) One of the inevitable experimeuta with an electric machine 
eonfdats In "drawing Bparka" from the conductor by the hand. 
When the tension of the separated electridUes becomes soffldent 
to overcome the redstance of the intervening air, they reccnnbine 
with a sharp eiplo^ve soond and brilliant flash of llg^ht. If the 




Fig. 171. 
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length of the sparh be not great, the spark will be straight ; if it 
be made aomewhftt greater, it takes a ainuous and forked form, as 
though floating duat particles served as Htepping-Btones and rendered 
a crooked path the eauest If the charge be very powerful, the 
spKtk. will take the vgxag form bo familiar in the Ughtning-stroke. 
In the dark, the continnons diacharge into the air produces a 
luminous appearance at the ends of the conductor. This appear- 
ance, known as a brmh, may be im- 
proved b; holding a large, smooth, 
metal globe at a distance a little too 

i great for the passage of a spark. If 
the conductor be provided with a point, 
the point will glow when the machine 
is worked in the dark. 
(35.) Divide a drcle into black and 
white sectors, as shown in Pig. lT3,and 
attach it to a whirling table <g 74). 
Revolve it so rapidly that the colors 
Fig. 173. blend and the disc appears a uniform 

gray. Darken the room and illuminate 
the rapidly revolving disc by the electric spark from a Leyden jar. 
The disc will appear at rest, and each sector will appear sepaiate 
from its neighbors. This shows that the duration of the electric 
spark is less than the persistence of vision. 

(36.) Id a dark room, place a piece of loaf sugar in contact with 
the outside coat of a charged Leyden jar. Place 
one knob of the discharger upon the sngar, and 
bring the other near the knob of the jar. When 
the jar is discharged thos through the sngar, the 
sugar will glow for some time. 

(27.) The " luminous Jar," represented In Fig. 174, 1 
is a modified Leyden jar. The outer coat consists 
chiefly of a layer of varnish sprinkled over with 
metallic powder. A strip of tinfoil at the bottom 
affords means of communication with the earth. A 
rimilar band at the upper edge of the outer coat is 
provided with an arm, as shown in the figure. The 
rod of the jar is curved so as to bring the knob near 
the projecting arm of the outer coat. The jar I3 
suspended by the curved rod from the prime conduc- Fig. 174. 
tor, and its lower strip of tinfoil connected with the 
earth. When the machine is worked, sparks pass between the 
knob and the projecting arm. In a dark room, the metallic powder 
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coat wUl be be&ntifiillr Illumliwted at 
the passage of eadi Buch apark. 

(88.) The "InminoQB pane" isrepre- 
seoted in Fig. 175. A <»Qti:iaons tla- 
ftnl strip le pasted back and forth .apon 
the earface of a plate of glaaa. The 
npper end of this strip Is connected with 
the prime conductor ; the lower end 
with the earth. A series of breaks in 
this continnona conductor me.j be made 
bj cutting It 

sharp pen- 
knife. When 
the inschine 
is worked a 
small spark 
will appear 
at each break 
thna made. 
These breaks 
ma;- be arranged so as 
flower, star, arch, 
word at other design. 
The sparks are really 
Bucceswve, hot they 
seem to be simnltv 



(29.)The"luminons 
r.„ ..rfi ■ globe " is represented 

•"• ''^ in Fig. 176. and the 

"lttminottBtube"inFlg.l77. The flrat of these 
consists of a hoUow glass globe, on the inner 
sarface of wbich small discs of tinfoil are placed 
very near each other. The first disc is in con- 
Dectloii with the prime conductor, and the last 
one, with the gronnd. When the machine is 
worked, bright spariis appear at each break 
between the discs. The constraction and action . 
of the lamiflooB tabe are similar. Like the 
"laminons pane," these pieces of apparatus are 
intended for use in the dark. All of these lu- 
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miaous effects ife beat exMbited ia the 
dsrk. 

(SO.) If two barometer tnbes, united 
»t the top, be filled with mercury uid 
Inverted over two cups of memuy. as 
ehown in V\g. 178, > Torricelliui vaeuam 
will be formed. When tbe mercury of 
one cnp i« connected with the prime con- 
dnctor and the other with the earth, the 
upper ptirt of the tube (containing only 
mercuric and other vapors) is filled with 
light. The Inmiuotdty may be Increased 
by laitdng the temperature and thus in- 
crfawng the density of the afriform con- 
ductor. (A true yacuom will not conduct 
electricity.) 

(81.) " Oeiaaler's Tube«" for electric 
light are sealed glass tubes coutainlDg 
K highly rarefied vaporor gas, with which 
the tnbes were filled before the eshana- 
tlon. Platinom wires are sealed into the 
glass at each end, to conduct the elec- 
tric current. The brilliancy and beaaty 

Fia. 178. "' ^^ light, the great variety of eEEects, 

color, and fluorescence, are indescribable. 

9 made in great variety of form and size and filled with 



Fig. 179. ^&^ 

rarefied vapors and gases of many kinds. A few of the Y 
forms are represented in IHg. 170, 

(32.) On tbe glass table of the nniveiBal discharger (Fig, 171) 
place a piece of wood and bring the knobs of the sliding reds agaimit 
its ends so that the line joining the knobs shall be in the direction 
of the fibers of the wood. Through tbe apparatus thus arranged, 
discharge a powerful battery. The piece of wood will be torn in 
pieces, 

(33.) Support a pane of glass upon a ghiss cylinder, in the ails 
of which is a pointed conductor whicli just touches the pane. On 
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. the upper dde of the pane directly over this poiDled coudnctor place 
• drop of cAl. Frasa an insolated support lower a Becond pointed 




eondactor nntil it touches the pane at the oil. Through these two 
printed condactore (Fig. 160) discharge a Leyden jar or hatleiy. 
Onlees the glaaa is verg thin, a ^ngle Jar wUl not be sufficient^ If 
the experiment fails the first time, do not nae the same piece of glow 
for the second trial. 

(84.) With corka, ping the ends of a glass tube filled with water. 
Through the cOrks, introduce copper wires until. the ends in the 
water are within a quarter of an inch of each other. Through 
these wires discharge a Leirden jar. The mechanical shock due to 
the repnltdon of the electrified water molecules will break the tntie. 

(35.) fig. 181 represents "Tolta's Pistol," which consists of a 
metal vessel thniagh one side of which passes an insulated metal 
rod with knobs at both ends. The k'nob at the 
inner end of this rod is near the oppc^te wall, 
80 that a spark maj easily be made to pass , 
between the knob and the hoSy of the pistol. 
The pistol being filled with a mixture of illu- 
minating gas and common air in equal volurnes 
or with oxjgen and hydrogen in the proportion 
of one volume of the former to two of the latter, 
and the mouth being closed by a cork, the pas- 
sage of the spark brings about a chemical union 
of the mixed gases, a violent explosion ensues, 
and the cork is thrown some distance. The Fig. i8)- 
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spark may be produced by holding the pistol in the hand and 
bringing the outer knob near the prime conductor ; or the pistol 
may be suspended from the prime conductor by a wire or chain and 
the pistol then touched with the hand. The pistol may be nred by 
means of the electrophorus (§ 342) or Cottrell's Rubber. 

872. Relation of Electricity to Energy.— The 

work necessarily performed in operating an electric machine 
is not all expended in oyercoming inertia and frictiOD. 
Much of it is employed in producing electric separation. 
It matters not whether this separation be the separation of 
two fluids or of something else. Whatever be the nature 
of the realities separated, mechanical kinetic energy is 
employed in the separation and conyerted into the poten- 
tial variety (§ 159). In every case of electric attraction or 
repulsion we have an evident reconversion of this potential 
into mechanical kinetic energy. We shall soon see that 
the sound, heat and light accompanying electric discharges 
are forms of energy due to the conversion of the potential 
energy of electric separation. 

EXEBCISES. 

1. (a) If a gold-leaf electrosoope be placed witlun a tin pail T^ch 
is insulated and electrified, what will be the action of th^ electro- 
scope? (&.) Explain. 

3. (a,) Why may one obtain a stronger spark from a Leyden jar 
than from the machine by which it is charged? (5.) A Leyden jar 
standing upon a glass plate cannot be strongly charged. Why? 

3. (a.) A globe that is polished will remain electrified loi^ger than 
one that is not polished. Why ? (&.) Can you devise an appendage 
to the outer coat of a Leyden jar, so that it may be charged when 
standing upon a plate of glass ? 

4. (a.) Can you see any connection between electric induction and 
the fact that electricity dwells only upon the outer surface of a con-, 
ductor? (&.) Describe the plate electric machine. (<;.) Explain its 
action, (d) Explain the action of the electrophoirus. 
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6. (a.) A minate after the discharge of a Leyden jar, a second and 
feebler spark may generally be obtained. Explain (§ 856.) (&.) State 
two uses of lightning-rods. 

6. (a.) Having a metal globe positively electrified, how could you 
with it negatively electrify a dozen globes of equal size without 
affecting the charge of the first % (&.) How could you charge posi- 
tively one of the dozen without affecting the charge of the first ? 

7. Can you devise a plan by which a series of Leyden jars, placed 
upon a glass plate, may be simultaneously charged, the first posi- 
tively, the second negatively, the third positively, the next nega- 
tively, and so on ? 

Recapitulation. — In this section we haye considered 
the Condensation of electricity ; the Leyden Jar ; 
the Leyden Battery ; the Distribution of elec- 
tricity on conductors; Atmospheric Electricity; 
electrified Clouds and Lightning ; Lightning 
Rods and their action ; the Velocity of the electric 
current and the Duration of the electric spark; six 
Classes of Effects of electricity and many electric 
experimeAts. 

^'\ • 

jQSecTION IV. 

J\ — • — ■" 

VOLTAIC ELECTRICITY.— DYNAMO-ELECTRICITY 
AND THERMO-ELECTRICITY. 

373. Chemical Action.— All chemical changes 
produce electric separation. This is true whether the 
substanceg subjected to chemical action be solid, liquid or 
aeriform; but the chemical action between liquids and 
metals gives results the most satisfactory. Electricity 
thus developed is called Voltaic or Galvanic electricity. 
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374. The Electric Current.— When a strip ol 
copper and one of zinc are placed in 

dilute sulphuric acid, the ttto strips 
being connected above the acid by a 
wire conductor, a cvirrent of elec- 
tricity is produced. lu fact, two 
currents, opposite in kind and direc- 
tion, are simultaneously produced, 
but to avoid confusion the negative 
current is ignored. W%en, refer- 
ence is made to the direction 
of the current, it means the direction of the positive 
current. The apparatus here described is called a Voltaic 
or Galvanic element 

375. Direction of the Current.— For this pro- 
duction of the electric current, it is necessary that the 
hqnid have a greater action npon one metal than upon 
the other. The metal most vigorously acted npon con- 
stitutes the generating or positive plate; the other, the 
collecting or negative plate. This relation of the platea 
determines the direction of the current In *A« liquid, 
the current is from iAe positive to the negative 
plate; in ^le wire, it is from the negative to the 
positive. 

376. The Electric Circuit.— When the wires 
from the two plates are in contact it is said that the 
circuit is dosed; when the plates are not thus in electric 
connection it is said that the circuit is broketi. 

{a.) When the dicait is closed, hydrogen is set free b7 the decom- 
pod.tioii of the liqaid and rises from the surface of the aegaUve 
plate. The tendencj of the hydrogen to adhere to the plkte is one 
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of the practical difficulties to be oyeroome in working a Voltaic 
element or battery. 0\^i ICJ * 

377. Electrodes. — It will be readily understood by 
^V keeping in mind the direction of the two currents, that, 
if the circuit be broken, negative electricity will accumu- 
late, at the end of the wire attached to the positive plate, 
and positive electricity at the end of the wire attached to 
the negative plate. These ends of the wires are then 
called poles or electrodes, . The negative pole is 
attached to the positive plate and vice versa. For 
many experimental purposes, strips of platinum are fastened 
to the ends of the wires ; these platinum strips then con- 
stitute the electrodes. 
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378. Resistance.— Even a good conductor (§ 833) offers a 
sensible resistance to the passage of an electric current ; the poorer 
the conductor, the more resistance it offers to the passage of the 
current. Experiments show that the quantity of electricity passing 
in a unit of time, over a given conductor, is directly proportional to 
the electromotive force. (This electromotive force, " M Af. F.,'* is 
the supposed force that causes or tends to cause a transfer of elec- 
tricity from one point to another.) When the E, M, F., the sec- 
tional area and the material are constant, the resistance is propor- 
tional to the length of the conducting wire ; doubling the length 
doubles the resistance and halves the current. When the E. M. F,^ 
the length and material are constant, the resistance is inversely 
proportional to the area of the cross-section of the wire ; halving 
that area doubles the resistance and halves the current. Since the 
resistance is inversely proportional to the area of the cross-section, 
it will also be proportional to the weight of the wire per unit of 
length. The difference between the renstance of a good conductor 
and that of an insulator is very great. The resistance of a silver 
wire being taken as unity, the resistance of a similar wire of Ger- 
man silver would be 12.82, whUe that of a similar rod of gutta- 
percha would be 8.5 x 10^^ Hence, insulators are often spoken of 
as bodies of great resistance. 

379, A Voltaic Battery.— .4 number of Vbltaic 
elements connected in such a manner that the 
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current has the same direction in all, constitutes a 
VoUaio battery. The usual method is to connect the 
positiTe plat« of one element with the negative plate of the 
next, aa shown in Fig. 183. When thus connected, they 
are said to be coupled "in series." Sometimes all of the 
poBitive plates are connected hy a wire, and all of the neg- 
ative plates by another wire. The cells are then said to be 
joined "in multiple arc." (See Fig. 184.) 

380. Batteries of High and of Low Re- 
sistance. — Each kind of Galvanic cell has an internid 



Fig, 183. 

resistance, depending upon the liquid used, the distance 
between the pktes, and the eize-of the plates. The resist- 
ance of the liquid conductor is several million times as 
great as that of a similar metal conductor. The distance 
between the plates determines the length of the liquid 
conductor (§ 378), and the size of the pUtee, its area of 
cross-section. A battery of cells joined in series is called 
a "battery of high reeiBtanee." A battery of cells joined 
in multiple arc is called a " battery of low resistance." For 
a long circuit of great external resistance, a battery of high 
resistance is needed. For a short circuit of small external 
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regifitance, large cells, or seTeral celh ia multiple arc are 
preferable. 

(([.) A battery of high redstance was formerly called an intentUy 
battery, while a batteiy of low reaistance waa called a quantily 



Fig. 184. 

381, Daniell's Battery,— In the cell of Daniell's 
battery (Fig. 185), the zinc plate is in the form of a cleft, 
hollow cylinder. Within thia cylinder is a porous cup; 
within the porous cup is the copper cylindrical plate. The 
Uqnid used is dilate sulphuric acid, but tlie acid within 
the porous cup has as much 
copper sulphate as it can die- , 
solve, t. e., it is saturated. For 
the purpose of keeping this 
acid saturated, crystals of cop- 
per sulphate are suspended in 
it near the surface, by means 
of a copper wire basket or per- 
forated earthenware cup. The 
effect of this is to cause the 
hydrogen to re-enter into pj^ ^g, 

chemical combination before it 
reaches the copper plate. Copper, instead of hydrogen, is 
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deposited upon the copper plate. The current from this 
battery is especially coaetant 

(n.) In the figure, the copper plate is represented aa a cleft 
cylinder within the porous cup, the ciystals being pUed up arouod 
it It is common lo interchange the plates, the zinc being in dilute 
sulphuric iicid within the porous cup, and the copper plate in the 
■atnrated acid ontside the porooa cup. Sometimes the outer vessel 
Itself Is made of copper instead of glass, the vessel then becoming 
the negative plate. The internal resistance of a Daniell's cell is aa 
great aa that of a quarter of a mile of ordinary telegraph wire. 

383. Bmee's Battery.— An element of Smee's 
battery is lepresented by Fig. 186. It 
consists of a alver plate coated with 
I platinum powder placed between two zinc 
plates, the plates being hong in dilute 
sulphuric acid. The use of the platinum 
powder is to free the plate from the 
liberated hj( 



383. Potassium Bi-chroniate 
Battery. — The potassium bi-chromate 
'°' ^ ' battery differs from Smee's in the sub- 
stitution of a carbon plate for the silver 
plate, and of a solution of potassinm 
bi-chromate in dilute sulphuric acid 
for the liquid there used. Here the 
hydrogen is given an opportunity for 
chemical union as fast as it is liberated. 

(a.) The bottle fonn of this battery, repre- 
sented in Fig. 187, is the most convenient for 
the laboratory or lectnre table. By means of 
the sliding rod, the zinc plate can be rused 
out of the solntioD when not In nse ; and thus i 
•djns^, the cell can remain for months with- ' 

out any actloni if derired, and be ready at a 

moment's notice. One of the best proper- Fig. 187, 
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dons for the solntlou ia aa follows ; One gallon of water, one pound 
of bi diromate of polasb, and from a half-pint to a pint of solpburic 

Mid, according to the energy of action deaiied. A small quantity 
of vitric acid added to the eolation increajjee the constancy of the 
batter;. 

(6.) The following recipe 1b good : Ponr 187 eu. em. of sulphnrio 
acid into 500 ai. em. of water, and let the mixture cool. Disaolve 
IIS g. of potaaaiani bi-chromate in 335 eu. em. at boUing water, and 
pour while hot into the dilute add. When cool it ia ready foi use. 

384. Grove's Battery. — The 

oater vessel of an element of Qrove's 

battery contains dilute snlphnric acid. 

In this is placed a hollow cylinder of 

zinc. Within the zinc cylinder b placed 

a porous cnp contoiaing strong nitric i 

acid. The negative plate is a strip of 

platinnm placed in the nitric acid. The ' ' ' ' 

hydrogen passes through the porons cup and reduces the 

nitric acid to nitrogen peroxide, which escapes as brownish 

red fames. A Grove's element is represented in Fig. 188. 

385. Bnnsen's Battery. — Bunsen's battery difiers 

ftom Grove's in the use of car- 
bon instead of platinum for 
the negative plate. The ele- 
ments are made larger than 
for Grove's battery. It gives 
greater qaantity and less in- 
tensity than Grove's (§ 380[fl]). 
A Bunsen's element is repre- 
sented in Fig. 189. 

JPoie— There are scores of dif- 
t IG, 1S9. ferent batteries in the market com- 

peting for favor. With the eiception of Smee'e, those here 
deacribed are the ones most commonly used. 
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386. Amalgramatingf the Zinc— Ordinary com- 
mercial zinc is far from being pure. Chemically pure zinc 
is expensive. When impure zinc is used, small closed cir- 
cuits are formed between the particles of foreign matter 
and the particles of zinc. This local action rapidly destroys 
the zinc plate and contributes nothing to the general cur- 
rent. This waste, which would not occur if perfectly pure 
zinc were used, is prevented by frequently amalgamating 
the zinc. This is done by cleaning the plate in dilute 
acid and then rubbing it with mercury. 

(a.) The method of amalgamating battery zhics practised by the 
author is as follows : In a glass vessel placed in hot water, dissolve 
15 cu, cm, of mercury in a mixture of 170 eu. em. of strong nitric 
acid and 625 cu, em, of chlorhydric (muriatic) acid. When the 
mercury is dissolved, add 830 cu. em. of chlorhydric acid. When 
the liquid has cooled, immerse the battery zinc in it for a few 
minutes, remove and rinse thoroughly with water. The liquid may 
be used over and over until the mercury is exhausted. The quan- 
tity here mentioned will suffice for 200 ordinary zincs or more. 
Keep the liquid, when not in use, in a glass-stoppered bottle. 



387. Thermal Effects of Voltaic Electric- 
ity. — When a strong current is passed over a very thin 
wire made of a poor conductor, as platinum or even iron, 
the resistance develops heat which may render the 
udre incandescent or even fuse or vaporize it. Thus 
the Voltaic current is often used in firing mines in mili- 
tary operations and blasting. (See § 389.) 

(a.) If stout copper wires from the two plates of a potassium 
bi-chromate battery (Fig. 187) have their free ends united by a very 
fine iron wire, the passage of the current will heat it sufficiently to 
ignite gun cotton. All known metals, even iridium and platinum, 
have been melted in similar manner, while carbon rods have been 
heated by a hattery of 600 Bunsen's elements until they softened 
enough for welding. 




vohTAia ELscTsicirr. 845 

388. Lmulnons Etifects.— When the circuit of a 
battery ia cloaed or broken there is a spark at the point of 
contact. Beautifal luminous effects ma; be produced by 
winding the wire from one plate about the end of a file, 
and drawing the other electrode along the side of the fiie, 
thus rapidly closing and breaking the circoit. 

389. The Voltaic 

Arc— The most bril- ™« "s""^ bliotbjo i^xr. 

liant lumiuons effect of 
current electricity is the 
Voltaic arc or electric 
lamp. Theeleetriclamp 
conebtB essentially of 
two pointed bars of gas 
carbon placed end to 
end in the circuit of a 
very powerful current. 
If the ends of the car- 
bons be -eeparated a 
short distance while the 
current is pas^ng, tiie 
carbon points become 
incandescent and the 
current will not be in- 
terrupted. W%en the 
carbons are thus sep- , 
arated, the space 6e- 
tween is filled tvith 
a luminous arc, the 
briUiancy of which 
exceeds that of any 
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other light under human control, the temperature 
of which is unequalled hy any other artificial source 
of heat. 

390. Deflection of the Magrnetic Needle.— 

The Voltaic cnirent has a marked effect in the deflection 

Jl of the maguetic needle, and tends to 
place the needle at right angles to 
the direction of the current. This 
may be easily shown by Oersted's 
apparatus represented in Fig. 191. 
It consists of a magnetic needle and 
a brass wire &ame with three pole- 
FiG. igi. ^jjpg^ permitting the current to be 

passed over, under, or aronud the magnet 

(a.) If the current pass abow the needle from north to sonth, the 
— end of the magnet (§ 317) will be deflected toward the east ; 
if It pasB from sonth to north, the — end of the oeedle will be 
deflected toward the west If the current pass hdoje the needle, 
the deflections will be the opposite of those jasX mentioned. 

S91. The Galvanometer. — The galvanometer de- 
pends upon the principles set forth in 
the last articla It is a very delicate 
piece of apparatus for detecting 
the presence of an electric current 
and determining its direction and 
intensity. In Oersted'.e apparatus the 
needle is heavy, and a considerable 
force is needed to set it in motion ; 
in the galvanometer the needle is very 
light, and is easily set in motion. 
In Oersted's apparatus the needle is 
held in the magnetic meridian by the directive influence 
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of the earth ; in the galvanometer this is obyiated almost 
wholly by the use of an astatic needle. In Oersted's 
apparatus, the current makes bat a single course about 
the needle; in the galvanometer, the covered wire is 
coiled many times about the needle and thus the effect is 
multiplied. Oue of the needles is within the coil while the 
other swings above it, the two being connected by a 
vertical axis passing through an appropriate slit iu the coil. 
If both needles were within the coil, since their poles are 
reversed (§ 314), the same current would tend to deflect 
them in opposite directipns and thus the action of one needle 
would neutralize that of the other. The astatic needle is 
suspended by an untwisted silk fibre from a hook which 
may be lowered when the instrument is not in use until the 
upper needle rests upon the dial plate beneath it. The ends 
of the coiled wire are connected with binding screws ; level- 
ling screws are provided, by means of which the instrument 
may be adjusted so that the needles shall swing clear of all 
obstructioDS. A glass cover protects from dust and dis- 
turbance by air currents. The instrument is represented 
in Fig. 192. 

392. Magnetic EflTects of the Voltaic Cur- 
rent. — A bar of soft iron may be easily 
magnetized by the inductive influence of 
the Voltaic current. This is shown by 
the action of the bar and helix (Fig. 193). 



4m 



(a.) This apparatus consists of a movable bar Fig. 193. 

of soft iron sorroonded by a coil of insulated 
copper wire.. When tlie wire of the coil is placed in the closed 
drcuit of a battery, the iron bar becomes strongly magnetized ; 
when the circuit is broken, the bar instantly loses its magnetic 
power. The same thing is mustrated by the "helix and ring 
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' shown in fig. 194. The armatiue is of soft iron 
divided into two semicircles with bmas handles. 
When the belts is placed in a cloeed drcait, the 
semicircles resist & considerable force tending to 
draw them apart; when the circuit Is broken the; 
1 fall asunder of their own weight. 

393. Electro-MasTnets.— The bar of 

Fig. 193, and the ring of Fig. 194, are electro- 
magnets. The electro-magnet more often bae 
"" the borse-sboe form shown in Fig. 195. The 

middle of the beat bar is baxe, the direction of the windings 

on the ends being Buch tbat, were the bar straightened, the 

current wonld move in the same 

direction round every part, 

Electro-magnets have been made 

capable of supporting several 

tons. 

(a.) When the circuit is broken and 
the cnrreut thus Intermpted, the iron 
is generally not wholly deioaguetized. 
The small magnetism remaining is 
called residual magnetigm. The resld- 
DaJ magnetism seems to Tarj with 
the degree of imporitj of the iron. 

394. Making Perma- 
nent Magnets.— A steel bar 

may be permanently magnetized 

(§ 320) by drawing it, from its centre, in one direction over 
one pole of a powerful electro-magnet, and then, from its 
centre, in the opposite direetion over the other pole, and 
repeating the process a few times. A bar of steel placed 
within a helix through which a strong current is passing, 
will be permanently magnetized. The arrangement is aub- 
etantially like that shown ia Pig, 193. 
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395. The Electric Telegraph.— The electric tele- 
graph consists essentially of an electro-magnet and a " key " 
placed in the circuit of a battery. The key is an instru- 
ment by which the circuit may be easily broken or closed 
at wilL The armature of the magnet is supported by a 
springs which lifts it when the circuit is broken. When 
the circuit is closed^ the armature is drawn down. Thus 
the armature may be made to vibrate up and down at the 
will of the person at the key. The armature may act upon 
one arm of a lever, the other end of which, being providedi 
with a style or pencil, may be pressed against a strip ol 
paper drawn along by clock-work. Thus the pencil may 
be made to record, upon the moving paper, a series of dots 
and lines at the pleasure of the operator at the key perhiips 
hundreds of miles away. When the two stations are 
several miles apart, one of the wires is dispensed with, the 
circuit being completed by the earth. 

396. Morse's Alphabet.— The inventor of the 
electric telegraph was an American, S. F. B. Morse. The 
system of signals devised by him is given below : 

FiaUItES. 

2 

3 

4 

5 

6 

7 

8 





To prevent confusion, a smaH space is left between successive 
letters, a longer one between words, and a still longer one between 
sentences. Telegraph operators soon become so familiar with this 
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a — 
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e - 
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/--- 
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alpliabet th*t thej anderetand a, message from the mere clicks of 
the lever, and do not use any recording apparatuH. 

397. Chemical Effects of the Voltaic Cur- 
rents — Many chemical compoands in solntlon ma; be 



Fig, 196. 

decomposed b; forcing the carrent to traverse the solation. 
Snbstances which are thus decomposed are called eledro- 
lytes; the prooess is called electrolysis; the compound is 
said to be electrolyzed. The electrolysiB of water is easily 
accomplished, affording a satisfkctory qualitative and quan- 
titative analysis of the liquid. 

(a.) The appantng conBleta of a veesel (Fig. 196) cont^ning water 
(to which a little acid has been added to Increase its condnctlrit;) 
in which are immersed two platinum strips which constitute the 
two electrodes of a battery. When the drcnit ie closed, bubbles of 
oxygen escape from the positive electrode and babbles of hydrogen 
from the n^ative. The gaaee may be collected separately by 
InverUng over the electrodes tabes filled with water as shown in 
the flgare. The volome of hydrogen thas collected will be twice 
as great as that of the oxygen. 

398. Electrolysis of Salts.— Into a bent tube (known to 
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deUers in chemical glaaawate as a U tnlM) put a aolaUon of an; 

neatral salt, e. g., eodium salphate. Color the 

coutenU of the tube with the aolntion from purple 

cabbage. In the ume of the tube place the pUti- . 

nam electrodes of a batter; aa ohowa in Fig, 197. 

Cioee the drcait and preaentl; the liqnid at the 

-4- electrode will be colored red and that at the — 

electrode, green. If, instead of coloring the aoln- 

tion, a strip of blue litmua paper be hung n 

the + electrode it will be reddened, while a strip 

of reddeDed litmna paper hung near the — elec- _ 

trode will be colored bine. Theae ehanget of color Fiq. igj, 

are e7iemieal tetla; the appearance of the green or 

blue denotes the presence of an alkali (caustic soda in this case), 

while the appearance of the red denotes the presence of an acid. 

399. Glectro-platiiijf and Electro-gildiniT.— 

From the + pole of a galvanic battery suspend a plate of 
Copper; from the — pole, saspend a silver coin. Place 
the copper and silver electrodes in a strong solution of 
copper snipfaate. When the circnit is closed, the salt of 
copper is electrolyzed, the copper from the salt being 




Fig. 19S. 
deposited upon the silver coin, the snlphnric acid going to 
the copper or + electrode as it did in the experiment 
described in the last paragraph. The silver is thus copper* 
plated. 
(a.) If a solution of some i^ver salt be used and the direction of 
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the current be reversed, silver will be deposited upon the copper 
plate, which will thus be silver-plated. If the x)ositive electrode be 
a plate of gold and the bath a solution of some salt of gold (cyanide 
of gold dissolved in a solution of cyanide of potassium), gold will 
be deposited upon the copper of the negative electrode, which will 
be thus electro-gilded. 

400. Electrotypiugf. — Impressions are taken from 
type or engravings in wax, or any other plastic material 
that is impervious to water. A conducting surface is given 
to such a mould by brushing finely-powdered graphite over 
it, and it is then placed in a solution of sulphate of copper 
facing a copper plate. The mould is then connected with 
the + plate of a Galvanic battery and the copper with 
the — plate \ when the circuit is closed, copper will be 
deposited upon the mould. When the copper film is thick 
enough (say as thick as an ordinary visiting card) it is 
removed from the mould, and strengthened by filling up 
its back with melted type-metal. The copper film and 
the type-metal are made to adhere by means of an amalgam 
of equal parts of tin and lead. The copper-faced plate 
thus produced is an exact reproduction of the type and 
engravings from which the mould was made. 

Note, — It will be noticed that in all these cases the metal is 
carried in the direction of the current and deposited upon the neg- 
ative electrode. In electro-plating and gilding, the technicalities 
of the art refer chiefly to the means of making the deposit firmly 
adherent. In electrotyping, they refer chiefly to the preparation 
of the mould or matrix. The countless applications of this prooeas 
of depositing a thin metallic coat on a body prepared for its recep- 
tion, constitute the important art of electro-metaUurgy. 

401. Electro-chemical Series. — The facts just 
considered suggest a division of substances into two classes, 
electro-positive and electro-negative. The constituent 
of an electrolyte that goes to the negative electrode 
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is ccbUed eLeetro-positive ; that which ^oes to the 
positive electrode is called electro-negative, these 
terms being based upon the idea of attraction between 
opposite electricities. 

402. Physiologrical Effects of Voltaic Elec- 
tricity. — The physiological eflTects are shocks and spas- 
modic mnscular contractions more or less violent. When 
the electrodes of a strong battery, or the electrodes of a 
Euhmkorff coil (§ 410), are held in moistened hands, the 
passage of the current through the body produces a pecu- 
liar sensation easily recognized thereafter. The current 
may be made to pass through a series of persons who haye 
joined hands. . 

403. Induced Currents.— From our study of 
frictional electricity, we are familiar with the term indue- 
fton, by which we understand the injQuence which an 
electrified body exerts upon a neighboring unelectrified 
body. In 1831, Faraday discoyered an analogous class of 
phenomena produced by Voltaic electricity or by mag- 
netism. An induced current is an instantaneous 
current produced in a conductor by the influence 
of a neighboring current or magnet. A current used 
to produce such an effect is called an inducing current. 

404. Inductive Effect of Closing or Break- 
ing a Circuit. — In Fig. 199, B represents a double 
coil made as follows: On a hollow cylinder of wood or 
card-board is wound several layers of stout copper wire, 
insulated by being covered with silk. The two ends of 
this wire, which constitute the primary coil, are seen 
dipping into the cups gg'. Upon this coil, and carefully 
insulated from it, is wound a much greater length of finer 
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copper wire, also eilk covered. The two euda of this wire, 
which coQAtitnte the secondary coil, are seen conaecting 
with the galvanometer G. Wires from the two plates of 
a Voltaic element dip into mercorj in the caps gg", thus 
closing an inducing circuit through the primary coil. 
While this circuit is closed, the galvanometer ia at rest, 
showing that no current is passing through the secondary 
coil. By lifting one of the wires from one of the cups, 
the inducing current is interrupted. At this instant the 
galvanometer needle is defected as by a sudden impnlse. 



Fig. igg. 
which immediately passes away. This shows the existence 
of an instantaneous induced current in the secondary coil 
The direction in which the needle was tnmed, shows that 
the secondary current was direct, i. e., that it had the same 
direction as the inducing current. It the wire just removed 
from the cup bo replaced and the inducing current thus 
re-established, the galvanometer needle will be momenta- 
rily turned in the direction opposite to that in which it 
was previously turned. These experiments lead to this 
conclusion : W%en a current begins to flow through 
the prijnary coil, it induces an inverse current in 
the secondary coil ; when it ceases to flow through 
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the primary coil, it induces a direct current in the 
secoTidary coil; both induced currents are merely 
instantaneous, 

405. Curreuts Induced by Change of Dis- 
tance* — If the primary coil be m&de movable, as Bbowii 
in Fig. 200, and, with a cmrent passing throngh it, be 
saddenly placed within the secondary coil, the galvanom- 
eter will show that an inverse carrent was induced in the 
onter coil. When the needle has come to rest, let the 
primary coil be removed, and the galvanometer will show 
that a direct cnrrent was indaced. 
From this we see that when the 
primary coil, hearing a cur- 
rent, is brought near the sec- 
ondary coil, a momentary 
inverse current is induced in 
the latter; that when the 
coils are separated, a direct 
current is induced. 

406. Magneto-electric 
Induction. — If, instead of the 
primary coil bearing tbe inducing 
cnrrent, a bar magnet be used, as 
Fig. «». • g]Jf,yfJ^ in j-jg, 201^ the results 

prodnced will be like those stated ic the last par^raph. 
Wfien the magnet is thrust into the interior of the 
coil, an induced current wUl fioiv while the motion 
of the magnet continues. W%en the magnet is 
stationary the current ceases to flow, and the needle 
gradually conies to rest. When the jnagnet is with- 
drawn, an induced current flows in the opposite 
direction. 



FOLTAIC SLSCTSICirr. 



FlC. 20I. 

407. The Inductive Action of a Temporary 
Ma^fneti — If within the coil a soft iron bar {or still 
better, a buudle of straight soft, iron wires) be placed, as 



^ 



shown in Fig. 203, the induced current may be more 
effectively produced by bringing one end of a permanent 
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magnet near the end of the soft iron. In this ease the 
induced currents are due to the magnetism of the soft 
iron^ this magnetism being due to the inductive influence 
of the magnet (§ 311). Thus we see that when the in- 
tensity of the Tnagnetisrrv of a bar of iron is in- 
creased or diminished, currents are induced in the 
neighboring coil. 

408. The Telephonic Current,— An electric 
current may be induced in a coil of insulated wire sur- 
rounding a bar magnet by the approach and withdrawal 
of a disc of soft iron. The disc a (Fig. 203) is magnetized 
by the inductive in- 
fluence of the mag- ^ 

net m (§ 311). The 
disc, thus magnet- 
ized, reacts upon 
the magnet m and 
changes the distri- ' ^°^' 

bution of magnetism therein. By varying the distance 
between a and fHy the successive changes in the distribution 
of the magnetism of m induce to-and-fro currents in the 
surrounding coil. 

409. The Telephonic Circuit.— If the wire sur- 
rounding the magnet mentioned in the last paragraph be 
continued to a distance and then wound around a second 
bar magnet, as shown in Fig. 204, the currents induced at 
A would affect the magnetism of the bar at B (§ 392) or 
the intensity of its attraction for the neighboring disc b, 
A vibratory motion in the disc a would induce electric 
currents at A ; these currents, when transmitted to B, 
would affect the magnetism of the bar there, and thus tend 
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Fig. 304. 
to produce exactly dmilar vibratkms in i. "It Is as if the 
close approach and qnick oscillation of the piece of soft 
iron fretted or tantalized the magnet and sent a geries of 
electrical shudders through the iron nerve." 

(a.) We have hero the principle of the telephone, bo for as elec- 
tric action is involved. Further conrideration of this instminent 
most be deferred until we have learned more concerning sound. 
(See §445.) 

410. Riihmkorff's Coil. — The induction coil, often 
called, from the name of its inveutor, BukrthkoTff's coil, 
is a contrivance for producing indticed currents in a 
secondary coil by closing and opening, in rapid suc- 
cession, the circuit of a current in the primary coil. 
The axis of the 
coila is a bundle 
of soft iron wires. 
These wires ubu- 
ally terminate in 
t two small plates 
ofsoft iron which 
thus form the 
ends of the wire 
bnndle. Around 
this bundle is wound the primary coil of insulated copper 
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wire about 2 mm. in diameter. Upon the primary coil, bat 
carefully insulated from it, is wound the secondary coil. 
The wire of the secondary coil ia very fine (about \ mm.) 
and many times longer than that of the primary; two hun- 
dred and eighty miles of wire has been pot into a seeondary 
coil. 

(a.) The wire bundle becomes magnetized (g 392) by the action of 
current in the primary coil, and then adds Its inductive efiect upon 
the secondaiy coil to that of th« primary Itself. The circuit is 
broken and closed bj an automatic Intermpter, represented at the 
left hand of the coil, Fig. SOS. One of the poets there seen carries 
a metallic vibrating plate with an Iron disc at its end. This plate 
vibrates back and forth between the end of the iron core of the coils 
and the end of the metal adjusting screw which is carried bj the 
other post seen in the figure. These posts are in (he circolt of the 



Fig. 3o6. 

cnrrent pasdng throngh the primary coil. When the vibrating 
plate rests against the end of the adjusting screw, the drcnit is 
closed and the Iron core is magnetiied. As soon as the core is 
magnetized, it attracts the iron disc at the end of the vibrating 
plate, thus drawing it away from the end of the screw and break- 
ing the circait. As soon as the circuit is bnAeo, the bar is de- 
magnetized and the plate, b; virtue of its elastidtj, springs back to 
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the screw, eloBing the circuit and again magnetizing the core. The 
plate is thus made to yibrate with great rapiditjr, each oscillation 
making or breaking the circuit of the inducing current, and thus 
creating a series of induced currents in the secondary coil (§ 404), 
which produce effects greater than can be produced hj any electric 
machine. Fig. ^6 represents an induction coil made by £. S. 
Ritchie, of Boston, for the U. S. Military Academy at West Point. 
In this instrument there is no automatic interrupter, the break-piece 
being operated by a ratchet-wheel and crank. 

411. Spark from Induction Coil. — If the ends 
of the secondary coil be connected, opposite cnrrents alter- 
nately traverse the connecting wire. When the ends are dis- 
connected, as shown in Fig. 206, the inverse current cannot 
overcome the resistance of the intervening air because of 
its low electromotive power. The direct current, pro 
duced by breaking the primary circuit, is alone able 
to force its way in the form of a sparh. The sparks 
vary with the power of the instrument. An induction coil 
has been made that gives a spark over 40 inches in length— 
a result incomparably greater than that obtainable from 
any electric machine. The induction coil may be used to 
produce any of the effects of frictional electricity, it being 
at the same time nearly free from the limitations which 
atmospheric moisture places upon all electric machinea 

Nate. — For an ordinary Ruhmkorff's coU, one to three Bnnsen or 
potassium bichromate elements will suffice. The effect of the coil 
is generally increased by placing, in the base of the instrument, a 
condenser made of many sheets of tinfoil separated by layers of 
oiled silk. Alternate layers of the tinfoil are connected, i. e., the 
first, third, fifth, seventh, etc., layers are connected, as also are the 
second, fourth, sixth, eighth, etc. The odd numbered layers are 
connected with one end of the primary coil ; the even numbered 
layers with the other end. One object of this is to prevent the 
spark otherwise produced at the break-piece of the primary circuit. 

412, Thermo-electricity.—// a circuit be made 



VOLTAIC BLBCTRICITT. 



261 




Fig. 207. 



of two metals and one of the junctions he Jieated or 
chiMed, a current of electricity is produced. 

(a.) This may be 
illustrated by the 
apparatus shown 
in Fig. 207. The 
upper bar, mn, 
having its ends 
bent, is made of 
copi)er ; the low- 
er, op^ is of bis- 
muth. This rect- 
angular frame is 
to be placed in the 
magnetic merid- 
ian and a mag- 
netic needle placed within it. Upon heating one of the junctions a 
current will be produced, the existence of which is satisfactorily 
shown by the deflection of the needle as shown in the figure. The 
junction may be chilled with a piece of ice or by placing upon it 
some cotton wool moistened with ether. In this case a current, 
opposite in direction to the first, will be produced ; the needle will 
be turned the other way (§ 890). (Appendix, L.) 

413. A Thermo-electric Pair.— If a bar of anti- 
mony, Ay be soldered to a bar of bismuth, B, and the free 
- +/^2i ®^^® joined by a wire, as shown in 
Fig. 208, we evidently have a circuit 
equivalent to the one considered in 
the last paragraph. When the junc- 
tion C is heated a current will pass from bismuth to anti- 
mony across the junction, and from 
antimony to bismuth through the 
wire. 




I 

E 



(a ) The arrangement is analogous to 
the Voltaic element (§ 374), the antimony 
representing the — plate and carrying 



ff 



3 
Fig. 209. 
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the + electrode, the bismath representing the -I- pUte and canyiig 
the — eloctiode, while the solder t&kes the place of the Uquid. 
Just as a number of Voltaic elemeDls maj be connected, so maj a 
number of thenuoelectrii; paira, the arrangement being- shown in 
Fig. 209. 

414. The Thermo-electric Pile. — Several 

thermoelectric pairs, generally fi?e, six, or seven, are 
arranged in a rertical series, as shown in Fig. 209, the 
intervening spaces being much redaced, the enccessive 
bars Beporated by strips of varnished paper only, and the 
wire connection omitted. A similar series may be anited 
to this by soldering the free end 
of the antimony bar of one series 
to the free end of the bismnth 
bar of the other, the two eeriee 
being separated by a strip of 
varnished paper. Any desirable 
number of such series may be 
thus united, compactly insulated, 
and set in a metal frame go that 
only the soldered ends are open 
r to view. The free end of the 
Fig. 310. antimony bar, representing the 

+ electrode, and the free end of 
the bismuth bar, representing the — electrode, are con- 
nected with binding screws, which may be connected with 
a galvanometer. The complete apparatus, with the addition 
of conical reflectors, is called a thermo-electric pile or mul- 
tiplier. It is shown in Fig. !3I0. 



L. 



1. (a.) Draw a figure of a almple Voltaic element. <6.) 8t»te 
what la meant by the electric current, (e.) Indicate, npon the 
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6gare, the direction of the current, {d) What are the electrodes ? 
(6.) Indicate them hy their proper signs xipon the figure. 

2. (a.) Dtescribe or figure a high resistance battery of Grove's ele- 
ments. (&.) A low resistance battery of Bunsen's elements, (c.) 
What is the peculiar advantage of the DanielFs battery? 

3. (a.) Describe an experiment illustrating the heating effects of 
current electricity. (6.) Describe the Voltaic arc. 

4. {a.) How may a very feeble current be detected ? (&.) Describe 
the apparatus used, (e.) Mention the features contributing to its 
delicacy. 

5. (a.) How may a fire i)oker be temporarily magnetized with a 
magnet ? (&.) Without a magnet ? (c.) When temporarily magnet- 
ized without a magnet, what kind of a magnet does the pokei 
become ? {d.) State the principle of the electric telegraph. 

6. (a.) How may an electric current be induced ? (&.) What about 
the continuity of an induced current ? (c) Show how a magnet 
may produce the same effect as an electric current (d) Does this 
show that there is a fundamental connection between magnetism 
and electricity ? (e.) Do the theories of magnetism and electricity 
connect satisfactorily the phenomena of magnetism and electricity ! 

7. (a.) What have we to show that there really is a fundamental 
connection between heat and electricity? (&.) Compare the Leyden 
battery, the Voltaic battery, and the lightning-flash with reference 
to their effects. 

8. {a.) Define electrolyte. Q>.) What term is applied to chemical 
decomx)OEdtion when effected by means of an electric current ? (c.) 
How would you go about the task of determining for yourself the 
electro-chemical nature of a substance ? 



Recapitulation. — In this section we have studied 
Electricity as produced by Chemical Action; the 
Electric Current and Circuit, and Electrodes; 
Voltaic Batteries; Amalgamating Battery- 
Zincs; the Thermal and Luminous Effects 
of cun^nt Electricity, including the Electric Light ; 
the deflection of the magnetic needle and the Galvan- 
ometer ; Electro-Magnets and the Telegraph ; 
Electrolysis ; Electro-plating, and Electro- 
typing; the Physiological eflfects; Induced cur- 
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rente ; the inductive effect of a Change of Distance 
of the inducing current; electric currents Induced 
by Magnets; Ruhmkorff's Coil; and the 
Thermo-electric pile. 

««► 

Review Questions kkd Exbecisbs. 

1. (a.) Give the laws for pressure of liquids, and (&.) explain each 
by some fact or experiment. 

2. {a.) What is a natural magnet? (&.) An artificial magnet? 
(c.) How does a magnet behave toward soft iron ? (d,) How one 
magnet toward another magnet ? 

3. Give the facts in regard to the variation of the magnetic needle. 
4 (a.) What are conductors in electricity? (&.) In what two 

ways may electrical separation be effected? 

5. (a) What conditions in the construction and erection^of^ 
lightning-rods, are necessary to insure safety from l]ghtning^?^(&.) o 
Give the elements of a simple Galvanic cell, and (c) the elebtric 
condition of those elements within and without the cell. 

6. {a.) A body weighs at the surface of the earth 1014 lbs. ; what 
would it weigh 1200 miles above the surface ? (&.) Give the velocity 
of water issuing from an orifice, under a head of 81 feet, (c.) If 
5 quarts of water weigh as much as 7 of alcohol, what is the 
specific gravity of the alcohol ? ^^ 

7. Find the kinetic energy of a 25 lb. ball that has fallen 8600 feet 
in vacuo. > 

8. Give the fundamental principle of Mechanics, and illustrate 
its application by one of the mechanical powers. 

9. (a. ) Over how high a ridge can you carry water in a siphon, where ^ 
the minimum range of the barometer is 27 inches? (&.) Explain. '-^ 

10. (a.) What is Specific Gravity? (6.) How do you find that of 
solids ? (c.) What principle is involved in your method ? 

11. (a.) How much water per hour will be delivered from an 
orifice of 2 inches area, 25 feet below the surface of a tank kept full 
of water, not allowing for resistance ? (&.) Give the law of magnetic 
attraction and repulsion. 

12. (a) State what you have been taught concerning the dipping 
needle. (&.) Define and illustrate magnetic induction. 

13. (a.) Give the law of electric attraction and repulsion, and 
illustrate by the pith-ball electroscope. (&.) Define conductors and 
non-conductors, electrics and non-electrics, (e.) illustrate bj an 
example of each. 
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14. {a.) Explain (by figures) electric induction. (5.) Explain 
the charging of a Leyden jar. (c.) When charged, what is the 
electric condition of the outside and inside of the jar ? 

15. (a.) Give the sources of atmospheric electricity, and (&.) the 
effects of lightning. 

16. (a.) What is the effect of breaking a magnet? (6.) Give a 
theory of magnetism that is competent to account for the properties 
of magnets, broken or unbroken. 

17. (a.) How do soft iron and tempered steel differ as to suscep- 
tibility to magnetism ? (&.). Describe one method of magnetizing a 
steel bar. 

18.-;'The influence of the earth's magnetism upon a magnetic 
needle is merely directive, (a.) Explain what this means. (&.) 
Show why it is so. 

ri9. (a.) What is meant by electromotive force? (5.) Describe 
Grove's battery and its mode of action, (e.) Why are battery zincs 
generally amalgamated ? 

20. (a.) Describe Oersted's apparatus, and (&.) tell what its use 
teaches, {e.) Describe the construction of the astatic galvanometer. 

21. (a.) Describe an electro-magnet, and (&.) tell what its advan- 
Ages are. {c.) State the principle of the electric telegraph. 

22. (a) Describe a Ruhmkorff's coil, and (5.) explain its action. 

23. (a.) Define electrolysis and electrolyte, (h.) Describe the elec- 
trolysis of water, (e.) Give a clear account of some branch of 
electro-metallurgy, dd.) What is meant by the terms dectro-positive 

. and electro-negative ? \ 

24. (a.) Define physics. (&.) Name and define the three conditions 
of matter, (e.) What do you understand by energy? (d.) Explain 
what is meant by foot-pound. 

25. (a.) What condition of the atmosphere is desirable for experi- 
ments in frictional electricity? (b.) Why? (c.) How could you 
show, exi)erimentally, that there are two opposite kinds of elec- 
tricity ? 

26. (a,) Describe the experiment with Faraday's bag, and (&.) 
state what it teaches, (c) Describe the dielectric machine, and (d,) 
explain its action. 

i/^ 27. In an air-pump, the capacity of the cylinder is one-fourth 
"^ that of the receiver. Under ordinary atmospheric conditions, both 
together contain 62 grains of air. Find the capacity (a.) of the 
receiver, (6.) of the cylinder. After 5 strokes of the piston, (e.) how 
many grains of air would be left in the receiver ? What would be 
its tension ((/.) in pounds per square inch ? (e.) In Kg. per 9g. cm J 
(f.) In inches of mercury ? 

12 



/ 
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28. (a.) Supposing we have two Leyden jars, one charged on the 
inside with positive electricity, and the other with negative on the 
inside ; the two jars being insulated, can the jars be discharged bj 
connecting the inner coats ? (6.) Give reasons for your answer. 

29. In a vessel having the dimensions of a cubic foot, sulphuric 
' add (sp. gr. = 1.83) stands eight inches high ; give the pressure on 

the bottom and each side. 
Nv ^ 80. The lever of a hydrostatic press is six feet long, the fulcrum 
being at the end, and one foot from the piston rod. The diameter 
of the tube is one inch ; that of the cylinder ten inches. The power 
is 35 lbs. ; give the effect. (See Appendix A.) 
* ^ 31. What would a cubic foot of coal (sp. gr. = 2.4) weigh in a 
solution of potash (sp. gr. = 1.2)? ^ ' » 

32. (a.) Define equilibrium and its kinds, (h.) Give examples. 
{c.) How does the centre of gravity of any system, acted upon by 
an exterior force, move ? (d.) Give an example. 
Nj^x 33. (a.) Figure a simple barometer. (6.) Explain why the mer- 
cury stands above its level, (c.) What atmospheric pressure will 
sustain a column of mercury 24 inches high ? 
' 84. (a.) How is it proved that air has weight? (&.) What is the 
weight of air in a room 30 ft. long, 20 ft. wide and 10 ft. high ? 

35. When a 1000 gram flask, containing 700 g. of water, was 
filled with the fragments of a mineral, -it weighed 1450 g. Give 
the specific gravity of the mineral. 

86. A tank measuring 1 metre each way is filled with water : what 
will be the pressure on the bottom and sides ? 

87. (rt.) What is meant by kinetic energy? (b) By potential 
energy ? ^ 

38. Two inelastic bodies are moving in opposite directions, one 
weighing 31 grams and having a velocity of 24 meters per second, 
the other weighing 22 grams and having a velocity of 18 meters 
per second: what is the united energy (a.) before, and (6.) after 
impact ? 

89. Regarding the same bodies as moving in the same direction, 
what would be the energy (a.) before, and (6.) after impact ? 

40. {a.) Draw a simple figure showing the essential parts of an 
air pump, and (5.) explain the process of forming a vacuum, (c.) If 
the capacity of the barrel be \ that of the receiver, how much air 
will remain in the receiver at the end of the fourth stroke of the 
piston ? and (<2.) what would be its elastic force compared with that 
of the external air ? 

41. Discuss briefly the connection between electric separation and 
the more ordinary forms of energy. 
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HAPTEI^ VII 



SOUND. 



j ^Sec tion I. 

NATURE, REFRACTION AND REFLECTION 

OF SOUND. 

415. Definition of Sound.— Sound is that mode 
of motion which is capable of affecting the auditory 
nerve. 

(a.) The word sound is used in two different senses. It ig often 
used to designate a sensation caused by waves of air beating upon 
the organ of hearing ; it is also used to designate these aerial waves 
themselves. The former meaning refers to a physiological or 
psychological process ; the latter to a physical phenomenon. If 
every living creature were deaf there could be no sound in the 
former sense, while in the latter sense the sound would exist but 
would be unheard. The definition above considers sound in the 
physical sense only. 

416. Undulations. — In beginning the study of 
acoustics, it is very important to acquire a clear idea of 
the nature of undulatory motion. When a person sees 
waves approaching the shore of a lake or ocean, there 
arises the idea of an onward movement of great masses of 
water. But if the observer give his attention to a piece of 
wood floating upon the water, he will notice that it merely 
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rises and falls without approaching the shore. He may 
thus be enabled to correct his erroneous idea of the onward 
motion of the water. Again^ he may stand beside a field 
of ripening grain, and, as the breezes blow, he will see a 
series of waves pass before him. But if he reflect and 
observe carefully, he will see clearly that there is no move- 
ment of matter from one side 'of the field to the other ; the 
grain-ladened stalks merely bow and raise their heads. 
Most persons are familiar with similar wave movements in 
ropes, chains and carpets. Hdch material particle hus 
a motion, hut that motion is vibratory, not progres- 
sive. The only thing tha4) has an onward movement 
is the pulse or wave, which is only a form or change 
in the relative positions of the particles of the un- 
dulating substance. 

(a.) The motion of the wave must be clearly distinguished from 
the motion of particles which constitute the wave. The wave may 
travel to a great dicftance ; the journey of the individual particle is 
very limited. 

417. Wave Period, — ^When a medium is traversed 
by a series of similar waves, each particle is in a state of 
continued vibration. These vibrations are alike, they 
being as truly isochronous (§ 143) as those of the pen- 
dulum. The time required for a complete vibror- 
tion is called the period, and is the same for 
all the particles. 

418. Wave Length. — In such a series of similar 
waves, measuring in the direction in which the waves are 
travelling, the distance from any vibrating particle to 
the next particle that is in the same relative posi- 
tion or *' phase" is called a wave length. In the case 
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of water waves, for example, the borizoDtal distance from 
one crest to the next creat would be a wave length. 

419. Amplitude. — Amplitude means iA-e dia- 
taitce between.the extreme positions of the tjibratinS 
particle, or the length of its journey. As in the ease of 
the pendulum, amplitude and period are independent of 
each other. Amplitude is also independent of wave length. 

430. Relation of Period, Wave Ivengtb and 
Velocity. — During one period there will be one com- 
plete vibration, and the wave will advance one ware length. 
The velocity of the wave may be foaud by multiplying the 
wave length by the number of vibratious per second. 
Conversely, the wave length may he found by divid- 
ing the velocity by the number of vibrations. 

431. Cause of Sound, — AU sound may be traced 
to tJie vibrations of some material body. When a 

bell is struck, the edges of the 
bell are set in rapid vibration, 
as may be seen by holding a 
card or finger nail lightly upon 
the edge. The particles of the 
bell strike the adjacent parti- 
cles of air, these paes the 
motion thus received on to the 
air particles next beyond, and 
these to those beyond. 

{a.) That aoand is due to vibra- 
tory motion may be shown by nu- 
meroaB experimenta. Holding one 
end of a Btraight spring, bb a hick- 
Fio. 311. 0T7 stick, in a vise, pull the free 
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end to one side and let it go. Elasticitj will retam it to its podtioD 
of reet, kinetic energy will e&ny it beyond, and so on, a Yibretoiy 
motion being tliua produced. When the spring is long, the vibra- 
tions maj t>e seen. By lowering the spring in the vise, the vibrating 
part is shortened, the ribratjona reduced in amplitude and increased 
in rapidity. As the spring is shorteoed, the vibrations become 
Invisible but audible, showing that a sufficiently rapid vibratory 
motion may produce a sound. 

(b.) Suspend a pith 1«11 by a thread so that it shall hang lightly 
against one prong of a tuning-fork. When the fork is sounded, the 
pith ball will be thrown ofi by the vibrations of the prongs. Other 
Uluatrations of the same truth wiU be observed as we go on. 

(e.) The vibrations of a^tuning-fork may be made viable in the 
following manner : A glass plate which has been blackened by 
holding it in a petroleum flame is arranged so as to slide easily in 
the grooved frame F. A pointed piece of metal -is attached to one 



Fig. ai2. 

of the prongs of ths fork. When the fork is made to vibrate, the 
point placed against the smoked plate and the plate drawn along 
rapidly in the grooves, the point tracoe on the glass an undulating 
line which repreeente fairly the vibratory movement of the prong. 

433. Propagation of Sound.-^SonDd is ordi- 
narily propagated through the air. Tracing the sonod 
from its Bonrce to the ear of the hearer, we may say that 
the first layer of air is etrack by the vibrating body. The 
particles of this layer ^ve their motion to the particles of 
the next layer, and so on nndl the particles of the last 
(ayer strike upon the drum of the ear. 

(<i.) This idea is beautifully Uluatratod by Prof. I^dall. He 
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Imag^Des five boys placed in a TOfr aa shown in Fig. 213. " I sud- 
denly push A ; A puabes B and regains his upright position ; S 
pushes C ; C pushes 

D; D pushes E; D C b a 

each boy after the 
traQsmiBsion of the . 
push, becoming hiiH' * 
self erect. E, hav- 
ing nobody in front, 
is thrown forward. ; 
' Had he been stand- 
ing on the edge of 
a predpice he would 

have fallen over; had Pic gj^^ 

he stood in contact 

with a window, he would have broken the glass ; had he been close 
to a drum-head, he woold have shaken the drum. We could thus 
transmit a posh through a row of a hundred boys, each particular 
boy, however, only swaying to and fro. Thus also we send Bound 
through the air, and shake the drum of a distant ear, while each 
particular particle of the ^r concerned in the transmission of the 
pulse makes only a small oscillation." 

423. Sound Waves. — The layers of air are crowded 
more closely together hy each outward vibration of the 



Mundiiig body; a condensation of the air is thna produced 
Ab the spnorons body vibrates in the opposite direction. 
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the nearest layer of air particles follows it; a rarefaction 
of the air is thus produced. A sound wave, therefore, 
consists of two parts, a condensation and a rarefac- 
tion. The motion of any air particle is backward and 
forward In the line of propagation, and not " up and down " 
across that line, as in the case of water wares. A series of 
complete sonnd wares consists of alternate condensations 
and rarefactions in the form of continually increasing 
spherical shells, at the common centre of which is the 
sounding body. Any line of propagation of the sound 
wonld be a radius of the sphere. 

434. Sound Media. — The air particles impart their 
motion to other particles because of their elasticity. An^ 
elastic substance may become the medium^ for the 
transmission of soand, but such a medium is neces- 
sary. The elasticity of a body 
may be measured by the re- 
sistance it opposes to compres- 
sion. The less the compres- 
sibility, the 
greater the 
elasticity. 




(a.)Thatsoand 
is not ti'auBmit- 
ted iu a Tacuom 
s shown as fol- 
lows: A large 
glass globe, pro- 
vided with a Btcp-cock, contalnB a 
amall bell snHpended bj' a thread. 
When the air is pumped from the 
globe and the globe shaken, no 
sound is heard, although the clap- 
per of the bell is seen to strike 
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against the bell. Readmitting tlie air, and again sliaking the globe, 
the sound is plainly heard. (See Fig. 215.) 

(6.) A small music box, or a clock-work arrangement for striking 
a bell (Fig. 216), may be supported upon a thick cushion of felt or 
cotton-batting, and placed under the capped receiver of an air-pump. 
When the receiver is exhausted, and the machinery started by the 
rod g, the motion may be seen but hardly any sound will be heard. 
If the support were perfectly inelastic and the exhaustion complete, 
no sound would be audible. The experiment may be made more 
perfect by filling the exhausted receiver with hydrogen and again 
exhausting the gas. 

425. Velocity of Sound iu Air.— It is a familiar 
fact that the transmission of sound is not instantaneous. 
The blow of a hammer is often seen several seconc'^ before 
the consequent sound is heard ; steam escaping from the 
whistle of a distant locomotive becomes visible before the 
shrill scream is audible; the lightning precedes the thunder. 
As we shall see further on, the time required for the 
propagation of light through terrestrial distances is inap- 
preciable. Hence the interval between the two sensations 
of seeing and hearing is required for the transmission of 
the sound. This interval being observed and the distance 
being known, the velocity is easily computed. By such 
means it has been found that the velocity of sound in 
air at the freezing temperature is about 332 m., or 
1090 ft, per second. There is some reason for believing 
that very loud sounds travel somewhat more rapidly than 
sounds of ordinary loudness. With this exception it may 
be said that, in a given medium, all sounds travel with the 
same velocity. 

436. Velocity in Otlier Media.— me velocitij 
of sound depends upon two considerations — the 
elasticity and the density of the jnedium. It varies 
directly as the square root of the etasticity, and 
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inversely as the square root of the density. At the 
freezing temperature, sound travels through oxygen with a 
velocity of 1040 feet, and through hydrogen with a velocity 
of 4164 feet per second, 

(a.) It is a very common mistake to tlunk that an increase of 
density causes an increase of velocity. It is known, e.g,, that sound 
travels more rapidly in water than in air ; that water is more dense 
\ than air ; hence, say the superficial, sound travels most rapidly in 
the densest bodies. It does not follow. Other things being equal, 
the denser the medium, the less the velocity of the motion. A little 
reflection will show that this must be so ; experiments will verify 
the conclusion. In toave motion, the particles of the medium con- 
stitute the thing that is moved. With a given expenditure of energy, 
a number of light particles is moved more rapidly than an equal 
number of heavy particles (§ 157). 

437. EflTect of Temperature Upon Velocity. 

— An increase of the temperature of the air increases its 
elasticity and decreases its density. We might, therefore, 
expect sound to trayel more rapidly in warm than in cold 
air. Experiment confirms the conclusion. There is an 
added velocity of about 1.12 feet for every Fah- 
renheit degree, or of about 2 feet for every centi- 
grade degree of increase of temperature. (The 
freezing temperature is 32° F, or 0° 0.) " C 

438. TTolse. — A noise may be momentary or con- 
tinuous: A momentary noise consists of a single pulse in 
the medium produced by a single and sudden blow. It 
has neither period nor wave length. A continuous noise 
consists of an irregular and rapid succession of pulses. 
The ear is so constructed that its vibrations disappear very 
rapidly, but the disappearance is not instantaneous ; if the 
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motion imparted to the auditory nerve by each individual 
pulse of the series continue until the arrival of its suc- 
cessor^ the sound will not cease at all. That the sound 
may he mere noise, the pulses m^ust be irregular in 
their recurrence. 

(a.) Momentary noises may be produced by pounding witli a 
hammer, stamping with the foot, clapping the hands, or drawing a 
stick slowly along the pickets of a fence. Continuous noises may 
be produced by sawing boards or filing saws. They are more or 
less familiar in the rattling of wheels over a stony pavement, the 
roar of waves, or the crackling of a large fire. 

429. Music— .4 musical sound consists of a 
regular and rapid succession of pulses. The regu- 
larity of the succession renders the sound smooth and 
agreeable ; the rapidity renders it continuous. To secure 
this smoothness the pulses must be perfectly periodic ; the 
sounding body must vibrate with the unerring regularity 
of the pendulum; but impart much sharper and quicker 
shocks to the air. Every musical sound has a well-defined 
period and. wave length. 

430. Elements of Masical Sounds.— Musical sounds or 
tones have three elements — ^intensity or loudness, pitch, and timbre 
or quality. The first two of these we shall consider at once, the 
third, a Uttle further on. 

431. Intensity and Amplitude.— //I'^en.^i^ or 

loudness of sound depends upon the amplitude of 
vibration. The greater the amplitude, the louder the 
sound. 

(a,) If the middle of a tightly-stretched cord or wire, as a guitar 
string, be drawn aside from its position of rest and then set free, it 
wiU vibrate to and fro across its place of rest, striking the air and 
sending sound waves to the ear. If the middle of the string be 
drawn aside to a greater distance and then set free, the swing to 
and fro vrill be increased, harder blows will be struck upon the air. 
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■nd tha tli paiticlea win more forward and iMukwud through a 
greater distanco. Id other words, the amplitude of vlbnitioa has 
been increased. Bat this change in the aSrial .wave produces a 
change in the sensation. We Btill remgnize the pitch to be the 
same as before ; the tone is neither higher nor lower. We even 
recognise it still as bong produced fay a gnitai string. The onl; 
difierence is that the aensa&m is more intense ; we saj that the 
Boond is louder. 

432. Intensity and Distance. — The intensity 
of sound varies inversely as the sqioare of the dis- 
tance from the sou,nding body. Hence, the distance 
to which a sonnd may be heard depends upon its intensitj. 



Fig. ai7. 

433. Acoustic Tubes. — If the eoand wave be not 
allowed to expand as a spherical shell, the energy of the 
wave cannot be difihsed. This means that its intensity 
will be maintained. In acoustic tubes {Fig. 217) this 
diffusion is preveuted; the waves are propagated in 
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only one direction. In this way, sound may be trans- 
mitted to great distances without considerable loss of 
intensity. 

• 

434* Pitch. — The second element of a musical sound 
is pitch, by which we mean the quality that constitutes 
the difference between a low or grave tone and a high 
tone. All persons are more or less able to recognize 
differences in pitch. A person who is able to judge 
accurately of the pitch of sounds is said to have a "good 
ear for music." The pitch of a sound depends upon 
the rapidity of vibration of the sounding body, 
or, in other words, upon the rate at which sound pulses 
follow each other. The more rapid the vibrations, the 
higher the tone. 

43& Experimental Proof of the Cause of 
Pitch. — That pitch depends upon 
rapidity of vibration, may be roughly 
shown by drawing the finger nail across 
the teeth of a comb, slowly the first time 
and rapidly the second time. It may be 
shown more satisfactorily by means of 
Savart^s wheel, shown in Fig. 218. This 
consists of a heavy brass ratchet-wheel, ^^^' ^^^' 

supported on an iron frame and pedestal. The wheel may 
be set in rapid revolution by a cord wound around the axis. 
By holding a card against the teeth, when in rapid motion, 
a shrill tone will be produced, gradually falling in pitch as 
the speed is lessened. 

(a.) If the sounding body and the Ustening ear approach each 
other, the sound waves will beat upon the ear with greater rapidity. 
This is equivalent to increasing the rapidity of vibration of the 
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sounding body. The opposite holds true when the sounding body 
and the ear recede from each other. This explains why the pitch 
of the whistle of a railway locpmotive is perceptibly higher when 
the train is rapidly approaching the observer, than when it is rapidly 
moving away from him. 

}^ 436. Relation between Pitch and Period.— 

Rate of vibration and period are reciprocals. If the 
rate of vibration be 256 per second, the period is yj^ of a 
second. The period may, therefore, be used to measure 
the pitch ; the greater the period, the lower the pitch. 



\ 



^ 437. Relation between Pitch and Wave 
/ Lengrth. — Since, in a given medium, all sounds travel 
with the same velocity, the rate of vibration determines 
the wave length. If the sounding body vibrate 224 times 
per second, 224 waves will be started each second. If the 
velocity of the sound be 1120 feet, the total length of these 
224 waves must be 1120 feet, or the length of each wave 
must be five feet. If another body vibrate twice as fast, 
it will crowd twice as many waves into the 1120 feet; each 
wave will be only two and a half feet long. Thus wave 
length may be used to measure the pitch — ^the greater the 
wave length, the lower the pitch. 

438. Refraction of Sound.— We have a clear 
idea of sound waves advancing as concentric, spherical 
shells, but we are far more familiar with the idea of sound 
advancing in definite straight lines. This idea is also cor- 
rect, the lines being radii of the sphere. We may thus 
speak of lines or "rays'* of sound, meaning thereby the 
direction in which the sonorous pulses are propagated. 
The ray is necessarily perpendicular to the wave. When 
the noise of the street is heard by a person in a closed room, 
the sound must have passed from the air without to the 
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solid matter of the walla, and Arom tfaia to the air within. 
When sonnd thus passes obliqnelj from one medium to 
another, the raja are bent. This bending of a sound 
ray is called refraction of sound. 

r439. A Sound Focus.— Oi^inarily, sound rays are 
divergent. The sound is therefore continually diminishing 
in intensity. By means of their refrangibility, they may 
be made convergent If the divergent rays strike the side 
of a Back shaped like a doable convex lens, made of two 
films of collodion, or very thin India rubber, and filled 
with carbonic acid gaa (COt)i their divergence will be di- 
minished; they may thus be made parallel, or even con- 
vergent, after passing throngh the sack. At the point 
where these rays converge their total energy will be con- 
centrated, and the intensity of the sound be thus increased. 
The point where the refracted rays intersect is called the 
focuB of the lens. The laws of refracted sound are the 
same as those of refracted light, to be studied further on. 

(a.) If a tvatch be hang near sncli a refractor, Its ticking ma^ be 
heard hy placing the ear at the focua on the other side of the Back ; 
when the sack is re- 
moved, the ticking is 
no longer audible. A 
few trials will enable 
the experimenter to 
determine the proper 
;K>^tione for the watch, 
the lens and the ear. 
The retraction directs | 
to the ear all the eu- '^ 

eigj exerted upon the YiG. aio. 

anterior surface of the 

«Bck. This energy is sufficient to exute the eeDsatlon of hearing. 
A little reflection will show that when the sack is removed, the 
vaetgj exerted upon the smaller sorface of the tTinpanam at the 
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greKber distance Si very macli diminished. Tliis lesser energy is 
unable to excite the auditory nerve to action, and the ticking of the 
watch is unheard. 

440. Reflection j}t Sound. — When a sound ray 
strikes an obstacle, it is reflected in obedience to the prin- 
ciple given in § 97. This fact is turned to account in the 
case of "conjugate reflectors" of sound. Fig. 220 repre- 
sents the section of two parabolic reflectors mn and op. 
It is a peculiarity of such reflect- 
ors that rays starting from the 
focus, as F, will be reflected as 
parallel rays, and that parallel rays 
falling upon such a reflector will 
converge at the focus, aa F\ 
Hence, two such reflectors may "^^ / 
be placed in such a position that pj^ ^^ 
sound waves starting fix)m one 

focus shall, after two reflections, be conyerged at the other 
focus. 'Two reflectors so placed are said to be con- 
jugate to each other. This principle underlies the 
phenomena of whispering galleries. 

{a.) "The great dome of St. Paul's Cathedral in London is so con- 
structed that two persons at opposite points of the internal gallery, 
placed in the drum of the dome, can talk together in a mere whisper. 
The sound is transmitted from one to the other by successive reflec- 
tions along the course of the dome." A similar phenomenon is 
observable in the dome of the Capitol at Washington. 

441. Experiment. — ^At the focus of a curved re- 
flector, place a watch or other suitable sounding body^ 
Directly facing it, but at a distance so great that the 
ticking is unheard, place a similar reflector. When the 
ear is placed at the focus of the second mirror, as shown in 
Pig. 221, the ticking is plainly heard. 
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(a.) In the experiment above described, it ia plain that raxay of 
the lAfs reflected bf the firat mirror are intercepted before thej 
redch the second mirror. This majr be remedied, in part, bj the 
use of an ear-trumpet, the larger end being held at the focns of the 
second reflector. The ear-tminpet ma; tie a glass fnnnel, with a 
piece of mbber tubing leading from its smaller end to the ear. T1i9 
eiperiment maj be modified bj using a single reflector, the watch 
being placed a little further from the reflector. The proper positions 
for the watch and the funnel are easily detwmined \>y experiment 
They are a^iugnte foei (g 602). / . 

443. Echo.— B^» a sound, after reflection, is 
audihle, it is called an echo. The distiDctness with 
■which it is heard depends upon the distance of the ear 
fttim the reflecting surface. A very quick, sharp sound 
may produce an echo even when the reflecting suriace ia 
not more than fifty or sixty feet away, but for articulate 
sounds a greater distance ia necessary. 

{a.) Few, if any, persona can prouonnce distinctly more than 
aboat fire syllables in a second. At the ordinary temperature. 
Bound travels about 1130 feitt per second. In a fifth of that time 
it would travel abont 224 feet. Ifj therefore, the reflecting surface 
be 113 feet distant, the articulate sonnd will go and retnm before 
the next syllable is pronounced. The two sonnds will not inter- 
fere, and the echo will be distinctly heard. If the reflecting sur- 
face he less than thia dlBtonce, the reflected sound will return before 
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the articulation is complete and confusedly blend with it. If the 
reflector be 224 feet distant, there will be time to pronounce,two 
syllables before the reflected wave returns. The echo of both 
syllables may then be heard ; and so on. The echo may be heard 
sometimes when the direct sound cannot be heard. 

(6.) Suppose the speaker to stand 1120 feet from the reflecting 
substance. If then he speak ten syllables in two seconds, the echo 
of the flrst will return just as the last is spoken ; the echo of each 
syllable will be distinct. But if he continues to speak, the direct 
and the reflected sounds will become blended and confused. The 
reflecting surface should be a large, vertical wall, or similar object, 
as a huge rock. 

(c.) When two opposite surfaces, as parallel walls, successively 
reflect the sound, multiple echoes are heard. Sometimes an echo is 
thus repeated 20 or 30 times. 

EXEHCISES. 

1. If 18 seconds intervene between the flash and report .of a ffun, 
what is its distance, the temperature being S2° F.^^y ^^ Y 

2. What will be the length of the sound waves propagated through 
air at a temperature of 15° C. by a tuning-fork that vibrates 224 
times per second ? ^ 

8. State clearly the difference between a transverse and a longi- 
tudinal wave. 

4. Determine the temperature of the air when the velocity of 
- sound is 1150 feet per second. J^ u 

5. If A is 50 m. from a bell, and B is 70 m. from it, how will the 
loudness of the sound as heard by B compare with the loudness as 
heard by ^? / ^ .^ 

6. A shot is flred b^iore a cliff, and the echo heard in six seconds. 
The temperature being 15° C. find the distance of the cliff. J J ^ ^ 

7. A certain musical instrument makes 1100 vibrations per 
second. Under what conditions will the sound waves be each a foot 
long? fc/^ 

8. How many vibrations per second are necessary for the forma- 
tion of sound waves four feet long, the velocity of sound being 
1120 feetji^XtWhat wiU be the temperature at the time of the experi- 

ment? S' T^y fd I i' ^6 . 

9. Taking the velocity of sound as 8& m., find the length of a 
wave if there are 830 vibrations per second. ^ ^ ,^y^^ 

10. The waves produced by a man's voice in (K>mmon conversation 
are from eight to twelve feet long. If the velocity of sound be 
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1128 feet, find tlie corresponding numbers of vibrations of vocal 
/chords. 
y. 11. A person stands before a cliff and claps bis bands. In f of a 
/ second be bears the echo. How far distant was tbe cliff? 

Recapitulation. — In this section we have considered 
the Definition of sound; Undulations; the Pe- 
riod, Length and Amplitude of waves ; the 
Cause and Propagation of sound ; sound Waves 
and Media ; the Velocity in air and in other media, 
and the effect of Temperature; the difference between 
Noise and Music; the Three Elements of 
musical sounds ; the relation of Loudness to ampli- 
tude and distance; Acoustic Tubes; the cause of 
differences in Pitch ; the relation that exists between 
Pitch and Period, or Wave Length; Re- 
fraction and Foci of sound; Reflection of sound; 
Echoes. 



COMPOSITION OF SOUND WAVES; MUSICAL 

INSTRUMENTS. 

443. Sympathetic Vibrations.— The string of a 
violin may be made to vibrate audibly by sounding near 
it a tuning-fork of the same tone. By prolonging a vocal 
tone near a piano, one of the wires seems to take up the 
note and give it back of its own accord. If the tone be 
changed, another wire will give it back. In each case, 
that wire is excited to audible action, which is able to 
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vibrate at the same rate as do the sonorous waves that Bet 
it in motion. Thns the vibnitions of the strings may pro- 
duce sonorous waves, and the waves in turn may produce 
vibrations in another string. The moat important feature 
of the phenomenon is that the string absorbs only the 
particiUar kind of vWration that it is capable of 
producing. {Read Ty ndall " On Sound," Chap. IX, % 4.) 



Fig. 232. 

(a.) Tune to nnison two strings upon the same sonometer (Rg. 
322). Upon one string place two or three paper riders. With a 
violin bow, set the other string In vibration. The aympatbetio 
vibrntiona thus prodaced will be shown by the dismounting of the 
riders, whether the vibrations be audible or not. Change the tension 
of one of the strings, thus destroying the unison. Repeat the experi- 
ment and notice that the sympathetic vibrations ore not produced. 

(b.) Place several feet apart two tuning-forks mounted npon reso- 
nant coses. The forks sboold have the same tone, and the cases 
should rest npon pieces of rubber tubing to 
I prevent thetraufiferrenc«of vibratory motion to 

K and throagh the table. Sound the first fork by 

HI rapidly separating the two prongs with a rod. 

^^^SF Notice the pitch. At the end of a second or 

gl^^^B&ll,^,^ two touch the prongs to stop their motion and 
^^^^^^BS^^H sound. It will be found that the second fork 
^^^^m||||^9 has been set in motion by the repeated blows 
Fm. Z23. "^ the air, and is giving forth a sound of the 

same pitch as that originally produced by the 
first fork. Fasten, by means of wax, a 3-cent silver piece or other 
small weight to one of the prongs of the second fork. An attempt 
to repeat the experiment will fail. 
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(c.) When the two forks are in unison, their periods are the same. 
The second and subsequent pulses sent out by the first fork strike 
the second fork, already vibrating from the effect of the first pulse, 
in the same phase of vibration, and thus each adds its effect to that 
of all its predecessors. If the forks be not in unison, their periods 
will be different and but few of the successive pulses can strike 
the second fork in the same phase of vibration ; the greater namber 
will strike it at the wrong instant. 

444. Soundiiig-Boards. — In the case of the 
sonometer, piano, violin, guitar, etc., the sound is due 
more to the vibrations of the resonant bodies that carry 
the strings than to the vibrations of the strings them- 
selves. The strings are too thin to impari; enough motion 
to the air to be sensible at any considerable distance ; but 
as they vibrate, their tremors are carried by the bridges to 
the material of the sounding apparatus with which they 
are connected. 

(a.) This sounding apparatus usually consists of thin pieces of 
wood which are capable of vibrating in any period within certain 
limits. The vibrations of these large surfaces and of the enclosed 
air produce the sonorous vibrations. The excellence of a Cremona 
violin does not lie in the strings, which may have to be replaced 
. daily. The strings are valuable to determine the rate of vibi'ation 
that shall he produced (§ 455). The excellence of the instrument 
depends upon the sonorous character of the wood, which seems to 
improve with age and use. 

(6.) Similar remarks apply to the tuning-fork, When a tuning- 
fork held in the hand is struck, but a feeble sound is heard. When 
the handle is placed upon the table or almost any solid having a 
considerable surface, the intensity of the sound is remarkably in- 
creased. Hence, for class or lecture experiments, tuning-forks 
should he mounted as shown in Fig. 223. 

2^ote. — ^Before heginning the study of the telephone, the pupil 
should carefully review §§ 408, 409. 

I 446,Vrhe Telephone. — This instrument is repre- 
sented in section by Fig. 224. ^ is a permanent bar 
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magnet, aronnd one end of wliicli is wound a coil, B, of 
fine copper wire carefully ingnlated. The ends of this 
coiled wire are 
attached to the 
' larger wires CC, 
which commnni- 
cate with the 
binding posts 

.^ DD. In front of 

Fig. S34. 

the magnet and 
coil is the soft iron diaphragm E, which corresponds to 
the disc a, of Fig. 203. The distance between E and the 
end of ^ is delicately adjusted by the screw S. In front 
of the diaphragm is a wooden mouth-ptece with a holv 
about the size of a dime, at the middle of the diaphragm 
and opposite the end of the magnet The outer case is made 
of wood or hard rubber. The externa! 
appearance of the complete instrument 
is represented by Fig. 225. The bind- 
ing posts of one instrument being con- 
nected by wires with the binding posts 
of another at a distance, conrersation 
may be carried on between them. 

446. Action of the Tele- 
phone* — When the mouth-piece is 

brought before the lips of a person who 
is talking, air waves beat upon the dia- 
phragm and cause it to vibrate. The 
nature of these vibrations depends upon 
the loudness, pitch, and timbre of the 
sounds uttered. Each vibration of the diaphraj^m induces 
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an electric current in the wire of B, These currents are 
transmitted to the coil of the connected telephone, at a 
distance of, perhaps, several miles, and there produce, in 
the diaphragm of the instrument, vibrations exactly like 
the originial vibrations produced by the voice of the speaker. 
These vibrations of the second diaphragm send out new air 
waves that are very faithful counterparts of the original air 
waves that fell upon the first diaphragm. The two sets of 
air waves being alike, the resulting sensations produced in 
the hearers are alike. Not only different words but also 
different voices may be recognized. The arrangement 
being the same at both stations, the apparatus works in 
either direction. (See Appendix M.) 

(a.) The reproduced sound is somewhat feeble but remarkably 
clear and distinct. The second telephone should be held close to 
the ear of the listener. Sometimes there are, in the same circuit, 
two or more instruments at each station, so that each operator may 
hold one to the ear and the other to the mouth ; or the listener may 
place one at each ear. When the stations are a considerable dis- 
tance apart, one binding post of each instrument may be connected 
with the earth, as in the case of the telegraph (§ 895). 

(&.) It is to be distinctly noticed that the sound waves are not 
transmitted from one station to the other. ** The air waves are 
spent in producing mechanical vibrations of the metal ; these create 
magnetic disturbances which excite electrical action in the wire, 
and this again gives rise to magnetic changes that are still further 
converted into the tremors of the distant diaphragm, and these 
finally reappear as new trains of air waves that affect the listener." 

( 447JJ The Phonograph. — This is an instrument 
for recording sounds and reproducing them after any 
length of time. (See Appendix K) 

(a.) The receiving apparatus consists of a mouth-piece and 
vibrating disc like those of the telephone. At the back of the 
disc is a short needle or style for recording the vibrations upon a 
sheet of tinfoil moving under it. This tinfoil is placed upon a metal 
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cylinder about a foot (90 em.) long. The cylinder has a spiral 
groove upon its curved surface and a similar thread upon its axis, 
which turns in a fixed nut. As the cylinder is turned by a crank, 
the threads upon the axis give the cylinder a lengthwise motion. 
The style is placed in position over one of the tinfoil covered 
grooves of th^ sylinder. As the cylinder revolves, a projection in 
front of the style crowds the foil down into the groove. The needle 
follows in the channel thus made, and, as it vibrates, records a suc- 
cession of dots in the tinf oiL TJiese dots constitute the record. To 
the naked eye they look alike, but the microscope reveals differences 
corresponding to pitch, loudness, and timbre. 

{b.) To reproduce the sound, the style is lifted from the foil, the 
cylinder turned back to its starting-point, the style placed in the 
beginning of the groove, and the crank turned. The style passes 
through the channel and drops into the first indentation ; the disc 
follows it. The style rises and drops into each of the succeeding 
indentations, the disc following its every motion with a vibration. 
The original vibrations made the dots ; the dots are now making simi- 
lar vibrations. Sound waves made the original vibrations ; now the 
reproduced vibrations create similar sound waves. The reproduced 
sounds are a little muffled but not indistinct, each of the three 
qualities (§ 430) being recognizable. The prindple may be applied 
to any implement or toy that makes a sound as well as to the voice. 
Perfectly simple ; equally wonderful. . ^ 

^ 448. Coincident Waves. — In the case of water 
waves, when crest coincides with crest the water reaches a 
double height. So with sound waves, when condensation 
coincides with condensation, this part of the wave will be 
more condensed ; when rarefaction coincides with rarefac- 
tion, this part of the wave will be more rarefied. This 
increased difference of density in the two parts of the wave 
means increased loudness of the sound, because there is an 
increased amplitude of vibration for the particles consti- 
tuting the wave. 

449. Reinforcement of Sound. — This increased 
intensity may result from the blending of two or more 
series of similar waves in like phases, or from the union of 
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direct and reflected waves in like pfaaees. TJader such 
circamstances, one set of waves is said to reiDfoi'ce the 
other. The phenomenon is spoken of as the reinforce- 
ment of sound. 

450. Resonance. — Resonance is a variety of the 
reinforcement of sound due to sympathetic vibratious. 
The resonant effects of solids were shown in g 444. 
The resonance of an air colnran is well shown by the 
following experiments: 

(a.) WLen a Bounding tuning-fork is held over tbe moutli of a 
glass jar, 18 or 30 inches 
deep, a feeble sound is 
hetud. B; caref nlljr poar- 
ing in water, ne notice 
that when the liquid 
Teaches a certMn level, H 
the sound auddenly be- 
comes mnch loader. The 
nater has shortened the 
air column until it is able 
to vibnte tn nnison with 
the fork. If more water 
be now ponied In, the in- 
tensity of the sound is 
lessened. If a fork of dif- 
ferent vibratloa be nsed, 
the column of ur that 
gives the inaximum reso- 
nance will vary, the air 
colnmn becoming shorter 
as the rate of vibration of 

the fork locreases. The Fig. 326. 

length of the ^r column 
is one-fonrth the length of the wave produced by the fork. Why T 

(6.) Fig. 327 represents Savart's bell and resonator. The bell, 

on being rubbed with the bow, produces a loud tene. ,The resonator 

Ib a tube with a movable bottom. The length of the resonant air 

colonm is changed by means of this movable bottom. The point 

13 
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at which the reinforcement of sound is greatest is easily found by 

trial. If, when the sound 
of the bell has become 
hardly audible, the tube be 
brought near, the resonant 
effect is veiy marked. ' 

^^'^Sl. Interference 

of Sound,— If, while 

a tuning-fork is vibrat- 

^°* ^^^* ing, a second fork be set 

in vibration, the waves from the second must traverse the 

air set in motion by the former. If the waves from the two 

forks be of equal length, as will be the case when the two 





Fig. 228. 



forks have the same pitch, and the forks be any number of 
whole wave lengths apart, the two sets of waves will unite 
in like phases (Fig. 228), (condensation with condensation, 



B 




Fig. 229. 

etc.), and a reinforcement of sound will ensue. But if the 
second fork be placed an odd number of half wave lengths 
behind the other, the two series of waves will meet in 
opposite phases ; where the first fork requires a condensa- 
tion, the second will require a rarefaction. The two sets 
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of wayCB will interfere, the one with the other. It the 
waves be of equal intensity, the algebraic sum of these 
component forffee will be zero. The air particles, thus 
acted upon, will remain at rest ; this means silence. In 
Fig. 229, an attempt is made to represent this effect to the 
eye, the aniformity of tint indicating the absence of con- 
densations and rarefactions. Thus, by adding sound 
to sound, both may be destroyed. Tfiis is the lead- 
ing characteristic property of wave motion. The 
phenomenon here described is called interference 
of sound. 



(a.) The sonnd of a -vibrating tuning-fork held In the hsnd is 
almost inaudible. The feebleness results largely from interference. 
Ah the prongs always vibrate in opposite directions at the sanie 
time, one demands a rarefaction where the other demands a con- 
densation. By covering; one vibrating prong with a pasteboard 
tube the sound is more easily heard. (Fig. 230.) 

(b.) Hold a vibrating tuning-forli near the ear, and slowly turn 
it between the fingers. During a dngle complete rotation, foul 
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positions of full sound and four positions of perfect silence will be 
found. When a side of the fork is parallel to the ear, the sound 
is plainly audible ; when a corner of a prong is turned toward the 
ear, the waves from one prong completely destro^the waves started 
by the other. The interference is complete. 

(c.) Over a resonant jar, as shown in Fig. 226, slowly turn a 
vibrating tuning-fork. In four positions of the fork we have loud, 
resonant tones ; in four other positions we have complete inter- 
ference. If, while the fork is in one of these positions of inter- 
ference, a pasteboard tube be placed around one of the vibrating 
prongs, a resonant tone is instantly heard ; the cause of the inter- 
ference has been removed. 

462. Beats, — If two tuQing-forks, A and By vibrating 
respectively 255 and 256 times a second, be set in vibration 
at the same time, their first waves will meet in like phases 
and the result will be an intensity of sound greater than 
that of either. After half a second, B having gained half 
a vibration upon A, the waves will meet in opposite phases 
and the sound will be weakened or destroyed. At the end 
of the second we shall have another reinforcement ; at the 
middle of the next second another interference. This 
peculiar palpitating effect is due to a succession 
of reinforcements and interferences, and is called 
a heat. The number of beats per second equals the dif- 
ference of the two numbers of vibrations. 

(a.) In a quiet room, strike simultaneously one of the lower white 
keys of a piano and the adjoining black key. The beats will be 
heard. 

(&.) If the two tuning-forks described in g 443, one being loaded 
as there mentioned, be simultaneously sounded, the beats will be 
very percepti bla Replacing the 3-cent piece successi vely by a sil ver 
half-dime and a dime, the number of beats will be successively 
increased. 

(c.) If two large organ pipes, having exactly the same tone, be 
simultaneously sounded, a low, loud, uniform sound will be pro- 
duced. If an aperture be made in the upper part of one of the 
walls of one of the pipes and closed by a movable plate, the tone 
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pTodaced by the pipe maj be changed at will. The more the 
aperture is opened, the higher the pitch. In this manner, digluly 
raise the pitch of one of the pipes. If the pipes be sounded in 
succession, eren a trained ear would probably fail to detect any 
difference. If they be sounded simultaneously, the sound will be 
of Tarying loudness, yery marked jerks or palpitations being per- 
ceptible. 

463. Practical EflTect of Beats.— The human 
ear may recognize about 38^000 different sounds. If a 
string, for example, vibrating 400 times per second were 
sounded, and one vibrating 401 times per second were 
subseqvsntly sounded, the ear would probably fail to detect 
any difference between them. But if they were sounded 
simultaneously, the presence of one beat each second would 
clearly indicate the difference. Unaided by the beats, the 
ear can detect about one per cent of the 38,000 sounds 
lying within the range of the human ear. Beats are, 
therefore, very important to the tuner of musical instru- 
ments. To bring two slightly different tones into unison, 
he has only to tune them so that the beats cease. 

454. Vibrations of Strings. — Tbe laws of musical tones 
are most conveniently studied by means of stringed instruments. 
In the violin, etc., the strings are set in vibration by bowing them. 
The hairs of the bow, being rubbed with rosin, adhere to the string 
and draw it aside until slipping takes place. In springing back, 
the string is quickly caught again by the bow and the same action 
repeated. In the harp and guitar, the strings are plucked with the 
finger. In the piano, the wires are struck by little leather-faced 
hammers worked by the keys. The vibrations of the string, and 
consequently the pitch, depend upon the string itself. The manner 
of producing the vibrations has no effect upon the pitch. 

\:455. Laws of the Vibrations of Strings.— 

The following are important laws of musical strings : 

(1.) Other conditions being the same, the number of 
vibrations per second varies inversely as the length of the 
string. 
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(S.) Other coDditiona being tbe Bame, the number of 
Tibrations per second varies directly sb the squM* root of 
tbe stretching weight, or teiision. 

(3.) Other conditioua being the same, the number of 
vibrations per second varies inversely as the sqnare root of 
tbe veight of the string per linear unit 

(a.) All of these laws roAj be K>DgMf Ulostnited hj meaoa of a 
violin. The leugtli of the string inii7 be altered bf fingering ; thfl 
tendon ma; be changed by means of the screws or kejB ; the effects 
of the third law maj be shown bj' the idd of the four strings. 

(fi.) For the illustration of these laws the sonometer, shonu in 
fig. 331, is generallf used. The length of the string is determined 



\>j the two fixed bridges, or by one of them and the movable bridge 
which may be employed for cban^ng the length of the vibrating 
part of the string ; the tension is regulated by weights, which may 
be changed at pleasure ; the third law may be verified by vjAng 
different strings of known weights. Iron and platinum wires of 
the same diameters are frequently used for this purpose. 

(e.) From these laws it follows, for example, that a string of half 
the length, or four times the tension, or one-fourth the weight of a 
^ven string will vibrate just twice as fast as the given string, i.e., 
twice as fast on account of any one of these three varialJoiiB. A 
string of one-third the length, or nine times tbe tension, or one- 
ninth the weight of a given string, will vibrate three times at fast 
as the given string ; and so on. ' ■ ( ' 

456. The Musical Scale.— Starting from any 
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arbitrary tone or absolute pitch, the yoice rises or falls in 
a manner yery pleasing to the ear, by eight steps or inter- 
yals. The whole series of musical tones may be divided 
into octaves, or groups of eight toDes each, the relatioD 
between any two members of one group being the same as 
the relation between the corresponding members of any 
other group. The eighth of the first group becomes the 
first of the second. The intervals between the successive 
tones are not precisely the same, as will be seen from the 
next paragraph, 

457. Relative Numbers of Vibrations.— A 

string vibrating half as rapidly as a given string, will give 
its octave below ; one vibrating twice as rapidly, its octave 
above. The ratio of the number of vibrations correspond- 
ing to the interval of an octave is, therefore, 1 : 2. The 
relative number of vibrations corresponding to the tones 
which constitute the major diatonic scale (gamut) are as 
follows : 



I 



f 



X 







Belatice Names, - - 1, 3, 3, 4, 6, 6, 7, 8. 

Absolute Names, - - - C, D, E, F, G, A, B, C. 

SffOables, - - - - do, re, mi, fa, sol, la, si, do, 

BdcUive Numbers of Vibrations, 1, |, }, i, J, |, V> 2. 

24/ 27, 30, 32, 36, 40, 45, 48. 

468. Absolute Numbers of Vibrations.— 

Knowing the number of vibrations which constitute the 
tone called do, the absolute number of vibrations of any 
of the other tones of the scale may be obtained by multi- 
plying the number of vibrations of do by the ratio between 
it and that of the given tone as shown above. Thus, if C 
have 266 vibrations per second, will have 256 x J = 384 

• ^^ t- ■ ^ 
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yibrations per second; its octave will have 512; the fifth 
of its octave will have 512 x f = 768. If F be given 352 
vibrations, C will have 352 -r- f = 264. Thus, knowing C, 
any given tone may have its number of vibrations deter- 
mined by multiplying by the proper ratio. 

/^469. Absolute Pitch. — The number of vibrations 
constituting the tone called C is purely arbitrary. The 
assignment of 256 complete vibrations to middle G is com- 
mon, but the practice of musicians is not uniform. A 
certain tuning-fork deposited in the Conservatory of Music 
at Paris is the standard for France; it assigns 261 vibra- 
tions per second to middle 0. The standard tuning-fork 
adopted by English musicians and deposited with tho 
Society of Arts in London, gives 264 vibrations to middle 
C, Multiplying the numbers in the last line of § 457 by 
11, we shall have the absolute numbers of vibration for 
the several tones of the gamut corresponding to this 
standard. 

{a.) Whatever be the standard thus adopted, an instrument wiU 
be in tune when the relative number of yibrations is correct. The 
string that produces the tone G must always vibrate three times 
while the one producing C vibrates twice, or 36 times, while the 
latter vibrates 24 times. While the string yielding 3 vibrates 27 
times, the string yielding B must vibrate 45 times ; and so on. 

(6.) Middle C is the tone sounded by the key of a piano at the left 
of the two black keys near the middle of the key-board. It is 
designated hy G\, Its octaves below and above are designated as 
follows : 
^^ CLs, CL,, G, Cu (7„ ft, Ci. 

460, Fundamental Tones and Overtones.— 

A string may vibrate transversely as a whole, or as inde- 
pendent segments. Such segments will be aliquot parts 
of the whole string, and separated from each other by points 
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of no motion^ called nodes or nodal points. The tone 
produced by the vibrations of the whole length of 
a string is caUed its fundamental tone. Tfve tones 
produced by the vibrations of the segments of a 
string are called its overtones or harmonics. 

(a.) The fact tliat a string may thus vibrate in segments, with the 
farther fact that a string, or other sounding body, can hardly be made 
to vibrate as a whole withoat vibrating in segments at the same time, 
furnishes a means of explaining quality or timbre of sound. (§ 430.) 

461. Fundamental Tones.— When a string 

vibrates so as to produce its fundamental tone, its extreme 

poritionsmayberep^sented 

by the continuous and the — ~ 

Fig 2')2 

dotted lines of Fig. 232. * ' 

This eflfect is obtained by leaving the string free and bowing 
it near one of its ends. If a number of little strips of 
paper, doubled in the middle, be placed like riders upon 
the string, and the string bowed as just described, all of 
the riders will be thrown up and most of them off. This 
shows that the whole string vibrates as one string; that 
there is no part of it between the fixed ends that is not in 
vibration. 

462. The First Overtone.— If the string of thb 

sonometer be touched exactly at its middle with a finger, 

or better, with a feather, a higher tone is produced when 

the string is bowed. This higher tone is the octave of the 

fundamental. The string now vibrates in such a way that 

the point touched remains at rest Its extreme positions 

C tf n may be represented by the 

< ": :ax::: .::> u^eg ^^f ^ig 233. The 

point JV" is acted upon by 
two equal and opposite forces; it is urged to move both 



298 coMPOsmoN of souifs wavss. 

ways at the same time, and, coDseqaeotl;, does not move 
at all, but renuuns at rest as a node. The tone is dae to 
the vibrations of the two halves of the string, which thus 
give the octave instead of the fundamental. The existence 
of the node and segments will continue for some time after 
the finger is removed. If riders be placed at C, JVand D, 
the one at 2f will remain at rest while those at C and D 
will probably be dismounted. 



463. Higher Overtones.— In like manner, if the 
vibrating string be touched at exactly one-third, ooe-foorth 



Fig. 334. 

or one-fifth of ite length from one end, it will divide into 
three, four or five segments, with vibrations three, four or 
five times as rapid as the fundamental -vibrationB. If 
touched at one-third its length, as represented in Fig. 334, 
the tone will be the fifth to the octave of the fundamental ; 
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if touched at one-fourth its length, the tone will be the 
second octaye above. Of course, any other aliquot part of 
the length of the string may be used. In any case, the 
experiment with riders may be repeated to indicate the 
position of the segments and nodes. 

-464. Quality or Timbre.— As a sounding body 
vibrates as a whole and in segments at the same time, the 
fundamental and the harmonics blend. The resultant 
effect of this blending of fdndamentals and harmonics con- 
stitutes what we call the quality or timbre of the sound. 
We recognize the voice of a friend not by its loudness nor 
by its pitch, but by its quality. When a piano and violin 
sound the same tone, we easily distinguish the sound of 
one from that of the other, because, while the fundamentals 
are alike, the harmonics are different. Hence, the total 
effects o£ the fundamentals ai^ the harmonics, or the 
qualities, are different. The possible combinations of fun- 
damentals and harmonics, or forms^of vibratory motion, 
are innumerable. 

Jr<?^e.— The pupil is advised to read the section on Harmonics in 
the third of TyndaU's Lectures On Bounds Chap. Ill, g 9. Become 
the owner of the book, if you can. 

465. Classes of Musical Instruments.— Mu- 
sical instruments may be divided into two classes, stringed 
instruments and wind instruments. The sounds sent forth 
by stringed instruments are due to the regular vibrations of 
solids; those sent forth by wind instruments, to the regular 
vibrations of columns of air confined in sonorous tubes. 

466. Sonorous Tubes.— The material of which a 
sonorous tube is made does not aflfect the pitch or loud- 
ness of the sound, but does determine its timbre or quaUty. 
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SoQoroQS tabes are called mouth pipes or reed pipes, 
according to the way in which the column of air is made 
to vibrate. 

467. Stopped Pipes.— A sonorous tube may have 
one end stopped or both ends open. In either case, the 
tones are due to waves of condensation and rarefaction 
transmitted through the length of the tube. In a stopped 
pipe, the air particles at the closed end have no oppor- 
tunity for vibration ; this end of the tube is, therefore, a 
node. The month of the tube affords opportunity for the 
greatest amplitude. The length of Buch a pipe is one- 
fonrth the wave length of its fundamental tone. 

468. Open Pipes. — In an open 
pipe, the ends afford opportuuity for 
the greatest amplitude; the node 
will faU at the middle. The air col- 
umn will BOW equal one-half the wave 
length; the tone will be an octave 
higher than that produced by a 
stopped pipe of the same length. 

'469. Ot^an Pipes.— The organ 

pipe affoMs the best illustration of 
mouth pipes. Fig. 835 represents the 
most common kind of organ pipe, 
which may be of wood or metal, reet- 
angular or cylindrical. The air cnr- 
rent from the bellows enters through F, 
passes into a small chamber, emerges 
through the narrow slit i, and escapes 
in pnffi between a and I, the two lips 
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of the mouth. The pufis are due to the fact that the air 
enrrent from % strikes upon the bevelled lip a and breaks 
into a flutter. The puffing sound thus produced consists 
of a confused mixture of many faint sounds. The air 
column of the pipe can resound to only one of these tones. 
The resonance of the air column brought about in this 
way constitutes the tone of the pipe. 

(a.) We see, from the aboye, that it makes Uttle difference how 
the pulses of air are produced. A vibrating tuning-fork held at 
the mouth of a pipe of the same pitch is enough to make the pipe 
sound forth its tone. The production of the tone is strictly analo- 
gous to the phenomena mentioned in § 450l 

470. Reed Pipes. — A simple reed pipe may be 
made by cutting a piece of wheat straw eight inclies 
(20 cm,) long so as to have a knot at one end. At r, 
about an inch from the knot, cut inward about a quarter of 
the straw's diameter ; turn the knife-blade flat and draw it 
toward the knot. The strip rr* thus raised is a reed ; the 
straw itself is a reed pipe. When the reed is placed in the 
mouthy the lips flrmly closed around the straw between 

r 




Fig. 236. 

r and % and the breath driven through the apparatus, the 
reed vibrates and thus produces vibrations in the air col- 
umn of the wheaten pipe. Notice the pitch of the musical 
sound thus produced. Cut off two inches from the end 
of the pipe at «. Blow through the pipe as before and 
notice that the pitch is raised. Gut off, now, two inches 
more, and upon sounding the pipe the pitch will be found 
to be still higher. We thus see that the pipe and not the 
reed determines the pitch. In each of these three cases 
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we had the same reed which was obliged to adapt itself to 
the different vibrations of the different air columns. 

(a.) It will be eaedlj seen how reeds may be used in musical in- 
struments. The accordeon, clarionet and vocal apparatus are reed 
instruments. 

471. Effect of Lateral Openings. — Certain 

wind instruments, like the flute, fife and clarionet, have 
holes in the sides of the tube. On opening one of these 
holes, opportunity is given for greatest amplitude at that 
point This changes the distribution of nodes, affects the 
length of the segments of the vibrating air columns, and 
thus determines the wave length or pitch of the tone. 

Exercises. 

1. If a musical sound be due to 144 vibrations, to how many vibra- 
tions will its 8d, 5th, and octave, respectively, be due ? 

2. Determine the length of a tube open at both ends that can 
resound the tone of a tuning-fork vibrating 513 times a second. 

3. A certain string vibrates 100 times a second, (a.) Find the 
number of vibrations of a similar string, twice as long, stretched 
by the same weight. (&.) Of one half as long. 

4 A certain string vibrates 100 times per second. Find the num- 
ber of vibrations of another string that is twice as long, and weighs 
four times as much per foot and is stretched bj the same weight. 

5. A musical string vibrates 200 times a second. State (a.) what 
takes place when the string is lengthened or shortened with no 
change of tension, and (&.) what change takes place when the ten- 
sion is made more or less, the length remaining the same. 

6. A tube open at both ends is to produce a tone corresponding* 
(a.) to 82 vibrations per second. Taking the velocity of sound as 
1120 ft., find the length of the tube. (&.) If the number of vibra- 
tions be 4480, find the length of the tube. 

7. (a.) Find the length of an organ pipe whose waves are four 
feet long, the pipe being open at both ends. (&.) Find the length, 
the pipe being closeiL at one end. 

8. A tuning-fork produces a strong resonance when held over a 
jar 15 inches long, (a.) Find the wave length of the fork. (6.) Find 
the wave period. 
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9. If two tuning-forks vibrating respectively 256 and 250 times 
per second be simoltaneooslj sounded near each other, what phe- 
nomena would follow I 

10. A musical string, known to vibrate 400 times a second, gives 
a certain tone. A second string sounded a moment later seems to 
give the same tone. When sounded together, two beats per second 
are noticeable, (a.) Are the strings in unison? (&.) If not, what is 
the rate of vibration of the second string? 

11. If a tone be produced by 256 vibrations per second, what num- 
bers will correspond to its third, fifth and octave respectively ? 

12. If a tone be produced by 264 vibrations per second, what 
number will represent the vibrations of the tone a fifth above its 
octave ? 

Becapitulation. — In this section we have considered 
Sympathetic Vibrations and Sounding 
Boards ; the Telephone and Phonograph ; 
Reinforcement and Resonance ; Interfer- 
ence and Beats ; Vibrations of Strings ; the 
Musical Scale ; Absolute Pitch ; Funda- 
mental Tones; Overtones; the Quality of 
Sounds; Musical Instruments. 

Eeview Qitestions and Exercises. 

1. (a.) Define sound ; (&.) give its cause ; (c.) mode of propagation 
and (d.) velocitj. 

2. {a,) Give the rate at which sound is transmitted in air. (5.) 
How is it afiected hj temperature ? (c.) Give the law of Reflection, 
(d.) How may it be illustrated ? 

8. (a.) What is capillary attraction ? (d.T^ve three illustrations 
of the importance of capillary action in the operations of nature. 

4. (a.) Describe an experiment showing the expansibility of the 
air. (6.) Give the laws of the Pendulum. 

5. (a.) On what does the loudness of sound depend? (&.) How 
may the pitch of strings be varied ? (e.) Give the relative number 
of vibrations in the major diatonic scale, and (c2.)^nd the number of 
vibratioM for A , . 

6. (a!}we^resent by a diagram, a lever of the first class, in which 
one pounowill balance five. (&.) Give the laws of falling bodies. 

T.^xplain the Artesian well by a diagram. 
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8. {ck) What will be the momentum of a ball weighing two ounces 
after falling 4^ seconds ? (ft.) ^ stone weighing 20 lbs. on the sur- 
face of the earth, would weigh how much at'an elevation of 2000 
miles from the surface ? 

9. Define (a.) wave length ; (&.) wave period ; (e.) amplitude of 
vibration ; (d.) phase of a vibrating particle. 

10. (a.) ^What would be the effect of making a small hole at the 
highest point of a siphon in action! (ft.) What effect upon the a^oii 
of a siphon would be produced bj canying it up a mountain T.-^fO 
What effect would follow if the atmosphere were suddenly to be- 
come denser than the liquid being moved ? 

11. Describe {a.) a complete sound wave and (ft.) its manner of 
propagation, (e.) How does the transmission of sound through a 
smooth tube differ from its transmission through the open air ? 

12. Give the laws for pressure of liquids and explain each by 
some fact or experiment. 

18. (a.) DiBtinguish clearly between noise and music, (ft.) What 
is meant by timbre ? (c.) By pitch ? 

14. (a.) GFtve three examples of musical sounds that agree in one 
and differ in two elements or -characteristics, making a different 
element agree each time. 

15. Give three examples of musical sounds that differ in one and 
agree'in two elements, making a different element differ each time. 

16. (a.) What are sympathetic vibrations ? (ft.) How may they be 
produced ? (c.) What are beats ? ((?.) How may they be produced t 

17. (a.) What is Archimedes' Principle ? (ft.) How is it applied in 
finding the specific gravity of a solid ? 

18;^^ow much water per hour will be delivered from an orifice of 
2 inches area 49 feet below the surface of a tank kept full ? 
^19. Describe the telephone?^ 
BO. (a.)^ Describe the electrophorus. (ft.) Explain its action. 

21. (a.^Describe an organ pipe, (ft.) l$ake a reed pipeN 

22. («.)Explain the charging of the Leyden jar ; (ft.) when charged 
what is the electric condition of the outside and inude of the jar ? 

23. (a,) A body falls for six seconds ; find the distance traversed 
in the last two seconds of its fall. (6.) How far will a body fall in 
^ of a second beginning at the end of four seconds ? (e.) Explain 
the "kick " of a gun. 

-N^. (a.) Show that if, in an Attwood's machine, one weight be f 
as heavy as the other, its increment of velocity will be \ that of a 
freely falling body, (ft.) That if the lightar weight be f of the 
heavier, its increment of velocity will bo J g. 
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^Sec tion i. 

TEMPERATURE, THERMOMETERS, EXPANSION. 

472. Introductory Quotation.—'' There are other foroee 
befddes grayity, and one of the most active of these is chemical affin- 
ity. Thus, for instance, an atom of oxygen has a very strong attrac- 
tion for one of carbon, and we may compare these two atoms to the 
earth and a stone lodged upon the top of a house. Within certain 
limits, this attraction is intensly powerful, so that when an atom of 
carbon and one of oxygen have been separated from each other, we 
have a spedes of energy of position just as truly as when a stone 
has been separated from the earth. Thus by having a large quan- 
tity of oxygen and a large quantity of carbon in separate states, we 
are in possession of a large store of energy of position. When we 
allowed the stone and the earth to rush together, the energy of 
position was transformed into that of actual motion (§ 150), and we 
should therefore expect something similar to happen when the 
separated carbon and oxygen are allowed to rush together. This 
takes place when we bum coal in our fires, and the primary result, 
as far as energy is concerned, is the production of a large amount of 
heat. We are, therefore, led to conjecture that heat may denote a 
motion of particles on the small scale just as the rushing together of 
the stone and the earth denotes a motion on the large. It thus 
appears that we may have invisible molecular energy as well as 
visible mechanical energy** ^-Balfour Stewart, 

473. What is Heat ^—Heat is a form of en- 
ergy. It consists of vibratory motions of the mcle- 
cubes of matter or results from such motions, and 
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gives rise to the well hnown sensations of warmth 
and cold. By means of these effects apon the animal 
body it is generally recognized. Being a form of energy, 
it is a measurable quantity but not a material substance. 

474. What is Temperature ?—^e temperor 
tare of a body is its state considered with refer- 
ence to its ability to communicate heat to other 
bodies. It is a term used to indicate how hot or cold 
a body is. When a body receives heat its temperature 
generally rises^ but sometimes a change of condition 
(§ 53) results instead. When a body giyes up heat^ its 
temperature falls or its physical condition changes. 

475. An Unsafe Standard.— When we put a very wann 
hand into water at the oidinaiy temperature, we saj that the water 
is cold. If another person shoold put a very cold hand into the 
same water he would saj that the water is warm. If a person place 
one hand in water freezing cold and the other hand in water as hot 
as he can endure, and, after holding them there some time, plunge 
them simultaneously into water at the ordinary temperature, the 
hand from the cold water feels warm while the hand from the hot 
water feels cold. These experiments show that bodily sensations 
cannot be trusted to measure this form of energy that we call heat. 

476. Thermometers. — An instrument for 
measuring temperature is called a thermometer. 
The mercury thermometer is the most common. Its ac- 
tion depends upon the facts that heat expands mercury 
more than it does glass, and that when two bodies of dif- 
ferent temperatures are brought into contact, the warmer 
one will give heat to the colder one until they have a com- 
mon temperature. 

4'7'7. Graduation of Thermometers. — ^Ther- 
mometers are graduated in different ways, but in all cases 
there are two fixed points, viz., the freezing and the boiling 
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poiuta of wat«r ; or, more aooarately, the temperatare of 
melting ice and the temper- 
atare of Bteatn as it escapes 
from water boiling under 
a preasure of one atmoB- 
phere. 

478. Determination 
of the Freezing Point.— 

Ic« in contact wltli watet cuinot 
be raised above a certain tem- 
perature ; water in contact with 

ice cannot be redaced below the 

same temperature. Here, then, 

is a temperature fixed and easily 

prodaced. The thermometer is 

placed in melting ice or snow p,Q ^^^_ 

contained in a perforated vessel. 

When the mercurj' column has come to rest, a mark is made on the 

glass tube at the level of the mercurj'. This point is, for the sake 

(f brevitj, called the beexing point. 

479. Determination of the Boiling Point.— The 
temperatnre of steam issuing from water boiling under an; given 
pressure is invariable. Fig. 288 represents a metal vessel in which 
water is made to Iwil briaklj. The thermom- 
eter being supported as represented Is sur- 
rounded b; the steam but does not touch the 
water. That the steam may not cool before 
It comes into contact with the thermometer, 
the sides of the vessel are surrounded by what 
is called a " steam-jacket." A bent tube open 
at both ends and containing mercury in the 
bend is sometimes added. When the mercury 
stands at the same level in l»th arms, the 
pressure upon the surface of the boiling liquid 
( is Just equal to the external atmospheric pres- 
f sure, which should be 760 mm. When the 
' mercury columu tiaa come to rest, a mark is 
made on the glasB tube at the level of the 
mercury. This point is, for the sake of 
Fig. 238. brevity, called the boiling point. 
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Fig. 239. 



. Thermometrlc Scales. — There are two 
scales used in this eonntry^ the centigrade and 
Fahrenheit's. For these scales, the fixed points, de- 
termined as just explained, are marked as follows : 

Centigrade, FiihrenheU, 

Freezing point, 0° 32*^ 

Boiling point, 100° 212° 

The tube between these two points is divided 
into 100 equal parts for the centigrade scale and 
into 180 for Fahrenheit's. Hence a change of 
temperature of 5° C. is equal to a change of 9° F., 
or an interval of one centigrade degree is equal to 
an interval of ^ of a Fahrenheit degrea 



481. Thermometric Readings.— To chauge 
the readings of a centigrade thermometer to those of 
Fahrenheit's, or vice versa, is a little more complicated 
than to determine the relation between the intervals of 
temperature. This complication arises from the feet that 
Fahrenheit's zero is not at the freezing point but 32 de- 
grees below. To reduce Fahrenheit readings to centigrade 
readings, subtract 32 from the number of Fahrenheit de- 
grees and multiply the remainder by j. 

67. = I {F. - 32). 

To reduce centigrade readings to Fahrenheit readings, 

multiply the number of centigrade degrees by | and add 33. 

9 

F, = — C -f" 32. 
o 

(a,) Suppose that we desire to find the equivalent centigrade 
reading for 50° P. Subtracting 32, we see that this temperature is 
18 Fahrenheit degrees above the freezing point. But one Fahren- 
heit degree being equal to jj of a centigrade degree, this temperature 
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B f of 18, or 10 centigrade degrees above tlie freezing point. Hence 
the reading will be 10° C. 

(&.) Suppose that we desire to find the equivalent Fahrenheit 
reading for 45° 0. This temperature is 45 centigrade degrees above 
the freezing point, or 81 Fahrenheit degrees above the freezing 
point. Hence the reading will be (81 + 83 =) 113° F. (See Fig. 239.) 

(e.) The centigrade thermometer is the most convenient and is 
adopted in all countries as the standard scale for scientific reference. 
Like the metric system, its general use in this country is probably 
only a question of time. 

Jfote. — It is desirable that this class be provided with several 
"chemical" thermometers; i. e., thermometers having the scale 
marked on the glass tube instead of a metal frame. 



{4 



in 



483^ Differential Thermometer,— Leslie's dif- 
Mrential thermometer (Pig. 240) shows the diflference 
temperature of two neighboring places by 
the expansion of lur in one of two bulbs. 
These bulbs are connected by a bent glass 
tube containing some liquid not easily 
volatile. It is an instrument of simple 
construction (See Appendix^M.) and great 
delicacy of action^ but has been largely 
superseded by the thermopile and galvan- 
ometer (§§414,391). 

483. Expansion. — Heat consists 
generally of molecular vibrations. What- Fig. 240. 
ever raises the temperature of a body 
increases the energy with which the molecules of that 
body swing to and fro. Thase molecules are too small (§ 5), 
and their range of motion too minnte to be visible, and we 
must call upon our imaginations to make good the defect 
of our senses. We must conceive these invisible molecules 
as held together by the force of cohesion, yet vibrating 
to and fro. The more intense the heat, the greater the 




310 



TEMPERATURE, 



energy of these molecular motions. Molecules thus vi- 
brating must push each other further apart, and thus cause 
the body which they constitute to expand. This expansion, 
or increase of volume, is the first effect of heat upon 
bodies. 

(a.) Imagine, if possible, twenty-five quiet boys standing closely 
crowded together. Upon the floor draw a chalk line enclosing the 
group. If these boys be suddenly set shaking, as by the ague, they 
will force some of their number over the chalk line. From the 
motions of the individuals has resulted an expansion of the living 
mass. 

484. Expansion Illustrated.— The expansion of 
solids may be shown by a ball, which, at ordinary tempera- 
tures, will easily pass through a 
ring ; on heating the ball it will 
no longer pass through the ring. 
If the ball be cooled by plung- 
ing it into cold water, it will 
again pass through the ring. 
This illustrates the increase of 
volume or cubical expansion. 
Sometimes the expansion in 
length only is measured. This 
is called linear expansion. Ex- 
pansion is also illustrated in the 

Fig. 241. compensation pendulum (§ 149). 

485. Unequal Expansion.— Diflferent substances 
expand at diflferent rates for the same change of temper- 
ature. This -may be shown by heating a bar made by 
riveting together, side by side, two thin bars of equal size, 
one of iron and one of brass, so that the compound bar 
shall be straight at the ordinary temperature. As brass 
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expands and contracts more than iron, when the componnc] 

bar is heated it will curve with the brass on the convex 

side ; when it is cooled, it will curve with the brass on the 

concave side. 

(a.) Glass and platinum expand nearly alike. In fact, the rates 
of expansion are so nearly alike that platinum wires may be fused 
into glass tubes, as is done in electrolysis apparatus and eudiometers. 
If we attempt thus to fuse copper wire into glass, the glasc will be 
broken during the unequal contraction from cooling. 

486. Practical Applications of !Expansiou.— The 

energy of expansion and contraction of solids, when heating and 
cooling, is remarkable. This expansion of metals by heat is 
utilized by coopers in setting hoops, by wheelwrights in setting 
tires, and by builders in straightening bulging walls. When the 
iron rails of our railways are laid, a small space is left between the 
ends of each two adjoining rails to provide for their ineyitable 
expansion by the sunmier heat. The iron tubular bridge over the 
Menai Straits is about 1800 feet long. Its linear expansion is abort 
one foot, and is provided for by placing the ends of the huge tube 
upon rollers. 



mansion of X 



■^^487. Expansion orXiquids. — ^The expansion of 
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liquids may be illustrated as follows : Nearly fill a Florence 
flask with water, and place it on a retort stand or other 
convenient support. A long straw is supported by a thread 
tied near one end. From the short end of this straw lever 
is suspended a weight nearly balanced by the long arm of 
the lever. This weight hangs in the neck of the flask, 
and rests lightly upon the surface of the water (§ 238). 
By placing a spirit-lamp below the flask the water may be 
heated. As it expands, it rises in the neck of the flask, 
raises the weight, and lowers the end of the long arm of 
the lever, which may be seen to move. 



s. fe 



488. Anoinalotis Expansion of Water. — 

Water presents a remarkable exception to the general rule. 
If water at 0°C. he heated, it will contract until it 
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reaches 4° C, ita temperature of greatest dejisity. 
Heated above this point it expands. 

(a.) Throngli the cork of a large flaak pnaa a fine glass tube. Fill 
the flask with water at the oidinary temperature, and insert the 
cork and tube bo that the water 
shall rise some distance in the 
tube. Place the flask in a fteexing 
mixtnie, Bucb as salt and pounded 
ice. The water column in the 
tube falls, showing that the water 
I contracting. But before the 
water freezes the contraction 
968, the column in the tube 
becomes stationary, and then be- 
gins to rise again. This shows 
that water does not contract on 
being cooled below a certain tem- 
perature, and that there is a tem- 
perature of manimiim dcusitj 
abore the freezing point. 

(6.) Fig. 242 repreaentB a glass 
(Tjlinder with two thermometers 
Fig. 243. Inserted in the ride, near the top 

and bottom, at A and B. Midway 
between A and B Is an envelope C, which may be filled with a 
freezing mixture. The euTelope l>eing empty, the cylinder is filled 
with water at 0° C. and placed in a room at the ordinary temper- 
atnre, about 15° C. Ab the water molecnlee at the side of the 
cylinder become warm, tbey fall, and B soon records a temperature . 
of 4° C, while A remains at 0°. This shows that the warm water 
falls to the bottom. It falls because it is denser. It Is denaor 
because It has been eontracUd hy heat. 

If the experiment be varied by filling the cylinder with water at 
the ordinary t«mpenitDre, and C with a freezing mixture, the tem- 
perature at B will fall rapidly, while it falls slowly at A. This 
will continue until A reaches 4° C, when A begins to fall mor« 
rapidly, and continues to do so until It reaches 0°. These experi- 
ments show that,wBter is hoavler at 4''C. than at any temperatore 
above or below. 

489. Results of this' Exception.— This prop. 

erty of water is of great importance. Were it otherwise. 
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the ice woold sink and destroy ererjthiiig living in the 
water. The entire body of water would aoon become a 
eolid masa which the heat of Bummer conld not wholly 
melt, for, as we shall Eoon see, water has little power to 
carry heat downward. As it is, ia eren the coldest winters, 
the mass of water in oar northern lakes remains at a tem- 
perature of 4°Ct the colder water floats npon the warmer 
layer, ice forms over all, and protects the living tbingEi 
below. 

490. Expansion of Oases. — The expanraon of 
gases may be shown by partly filling a bladder vrith cold 
air, tying np the opening, and placing the bladder near 
the fire. The expanded air will fill the bladder. Through 
the cork of a bottle pass a small glass tube aboot a foot 
iong. Warm the bottle a little between the bands and 
place a drop of ink at the end of the tnbe. As the air 
contracts tfae ink will move down the tnbe and form a 
frictionless liquid index. 
By heating or cooling the 
bottle the index may be 
made to move np or down. 
If a closed flask having a 
delivery tube tenninating 
under water be heated, 
some of the expanded air 
will be forced to escape, 
and may be seen bubbling 
through the water. By 
"collecting over water" 
the air thns driven out, 
it may be accnnitely 
measured. (Hg, 843.) Fio. 843. 

14 
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49 1 . Practical Results.— The ascension of * ' fire-balloons " 
and the draft of chimneys are due to the expansion of gases by heat. 
When the air in the chimney of a stove or lamp is heated, it is ren- 
dered lighter than the same bulk of surrounding air, and, therefore, 
rises. The cooler air comes in to take its place and thus feeds the com- 
bustion. Sometimes when a fire is first lighted, the chinmey is so 
cold that the current is not quickly established and the smoke 
escapss into the room. But in a little while the air column rises 
and the usual action takes place. By the aid of a good thermometer 
it may be shown that the air near the ceiling of a room is warmer 
than the air near the floor. When the door of a warmed room is 
left slightly ajar, there will be an inward current near the floor and 
an outward current near the top of the door. These currents may 
be shown by holding a lighted candle at these places. Artificial 
ventilation depends upon the same principles. 

493. Rate of Gaseous Expansion.— The rate 
of expansion is practically the same for all gases, viz., 
0.00336 or f^ of the volume at 0° C, for each centigrade 
degree that the temperature is raised above the freezing 
point. In other words, a liter of air at 0° C, expands to 



1 ?. + .00336 I at 1° C, 
11+ (.00336 X 2) I at 2° C. 



IZ. + (.00336 x3)Z.at3°0., 
1^ I at 4° C. 



Of course, if we use Fahrenheit degrees the expansion 
will be only f as great, or about j^. A litre of gas at 32° F. 
expands to Iji^ I at 33° F. ; to ffj I at 39° F., etc. 

493. Absolute Zero of Temperature.—^^ 

temperature at which the molecular motions con- 
stituting heat wholly cease is called the cibsolute 
zero. It has never been reached, and has been only ap- 
proximately determined, but it is convehient as an ideal 
starting-point 'The zero point of the thermometers does 
not indicate the total absence of heat. A Fahrenheit 
thermometer, therefore, does not indicate that boiling 
water is 212 times as hot as ice at 1° F. ; a centigrade 
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thennometer does not indir?^te that boiling water has 100 
times as mneji heat as water at 1° G. 

» 

{a.) Temperature, when reckoned from the absolute zero, is called 
absolute temperature. Absolute temperatures are obtained bj add< 
ing 460 to the reading of a Fahrenheit thermometer, or 273 to the 
reading of a centigrade thermometer. 

494. Temperature, Volume and Pressure.— 

By raising a gas from 0° C. to 273° C, its volume will be 
doubled. To reduce the gas at this temperature to its 
original volume, the original pressure must be doubled. 
From our knowledge of pneumatics and gaseous expansion, 
we are able to solve certain problems relating to the volume 
of gases under different pressures and temperatures. 
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Examples. — (1.) A mass of air at 0** C. and onder an atmos- 
C^ pheric pressure of 80 inches, measures 100 cu. inches ; what will be 
its volume at 40° C. under a pressure of 28 inches ? First, suppose 
the pressure to change from 80 inches to 28 inches. The air will 
expand, the two volumes being in the ratio of 28 to 30 (§ 284). In 
other words, the volume will be jf times 100 cubic inches or 107} 
cu. in. Next, suppose the temperature to change from O*" C. to 
40** C. The exparmon will be -^ of the volume at 0° C. ; the volume 
will be l/^», of the volume at 0° C. l^j times 107| cubic inches 
=122||f inches. — Ans, 

The problem may be worked by proportion as follows : 
28 : 30 ) ,^ 28: 80) ,^^ 



+ 4o[ 



or ^ ; ^ .^ UOO ; X, .\ x = 122.84 + cu. in. 



(2.) At 150° C, what will be the volume of a gas that measures 
10 eu. cm, at 15° C. ? 

273 + 15 : 273 + 150 : : 10 : x, .*. x = 14.69 cu. em. 

(3.) If 100 eu. em. of hydrogen be measured at 100° C, what will 
be the volume of the gas at --100° C? 

273 + 100 : 273 - 100 : : 100 ; x, .', x = 46.37 cu. cm. 
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(4) A liter of air is measured at 0° C. and 760 mm. What yoltime 
will it OGcnpj at 740 mm,, and 15.5° G. ? 

740 : 7(K) [ *• ' ' ^ •*' «= 1085.84 ct*. cm. 

EXEBCISES. 

1. A rubber balloon, capacity of 1 Uter, contains 900 eu. cm. of 
oxygen at 0" C. When heated to 30° C, what will be the volume 
of the oxygen ? An9. 998.9 cu. cm, 

2. If 170 volumes of carbonic acid gas be measured at 10° C, what 
will be the volume when the temperature sinks to 0° C. ? 

3. A certain weight of air measures a liter at 0° C. How much 
will the air expand on being heated to 100° C. ? 

4. A gas has its temperature raised from 15° C. to 50° 0. At the 
latter temperature it measures 15 liters. What was its original 
volume? 

5. A gas measures 98 eu, in, at 185° F. What will it measure at 
10° C. under the same pressure ? 

6. To what volume will a liter of gas contract in cooling from 
42° P. to 32° F. ? Am. 980 cu. cm, 

7. A certain quantity of ges measures 155 eu, cm, at 10° C, and 
under a barometric pressure of 530 mm. What iyIU be the volume 
at 18.7° C, and under a barometric pressure of 590 mm,t 

8. A gallon of air (231 eu, in,) is heated, under constant pressure, 
from 0° C. to 60° C. What was the volume of the air at the latter 
temperature? 

9. A fire balloon contains 20 cu, ft. of air. The temperature of 
the atmosphere being 15° C, and that of the heated air in the bal- 
loon being 75° C, what weight, including the balloon, may be thus 
supported? (See Appendix G.) 

10. The difference between the temperatures of two bodies is 
86° F. Express the difference in centigrade degprees. 

11. The difference between the temperatures of two bodies is 
85° C. Express the difference in Fahrenheit degrees. 

12. (a,) Express the temperature 68° F. in the centigrade scale. 
(&.) Express the temperature 20'' C. in the Fahrenheit scala 

13. What will be the tension at 80° 0. of a quantity of gas which 
at 0° C. has a tension of a million dynes per sq. em., the volume 
remaining the same ? (§ 69.) Ans. 1109800 dynes. 

14. A liter of gas under a pressure of 1013600 dynes per sq. em. 
is allowed to expand until the pressure is reduced to 1000000 dynes 
per sq. em. At the same time, the temperature is raised from 0° C 
to 100° C. Find the final volume. Ans. 1385 cu. cfik nearly. 



\ 



LIQUEFACTION. 817 

Beeapitiilation.— In this section we have considered 
the Nature of Heat; the meaning of Tem- 
perature ; Thermometers and their graduation ; 
the determination of the Freezing and Boiling 
Points; thermometric Scales and Readings; 
the Differential Thermometer; Expansion 
of Solids ; Expansion of Liquids, especially 
the Expansion of Water ; the Expansion of 
Gases and the Rate thereof; Absolute Zero of 
temperature; the relation between Temperature, 
Pressure and Volume. 
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LIQUEFACTION, VAPORIZATION, DISTILLATION. 

495. Liquefaction. — ^In the last section we learned 
that heat is a form of enei^. As energy, it is able to 
perform work, such as overcoming or weakening the force 
of cohesion. It is well known that when a soKd is changed 
to the liquid or aeriform condition, or when a liquid is 
changed to a vapor, it is done by an increase of heat, and 
that when the reverse operations are performed, it is by a 
diminution of heat. Cohesion draws the particles together ; 
heat pushes them asunder, and on the varying preponder- 
ance of one or the other of these antagonistic powers, the 
condition of the body seems to depend. When the firm 
grip of cohesion has been so far weakened by heat that the 
molecules easily change their relative positions (§ 55), the 
body passes from the solid into the liquid condition. This 
change of condition is called liquefaction. 
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496. Laws of Fusion.— It has been toand by 
experiment that the following Btaiements are true : 

(1.) Every solid begins to melt at a certain temperature 
which is inrariable for the given substance if the pressure 
be conBtant. When cooling, the Bnbstance will solidify at 
the temperature of fusion, 

(2.) The temperatnre of the solid, or liquid, remains at 
the melting point &om the moment that f\i8ion or solidi- 
fication begins nntU it is complete. 

(a.) If ft flask conUining ice be plttced over ft fire, it will be found 

that the hotter the fire the more rapid the Uqaefftctlou, bat thftt if 

the couteale of the 9a8k be continuallj Btiired, the thermometer 

will ieDM:n at 0° C. until the last bit of ice 1b melted (§ 478). If 

Bulphnr be need instead of ice, the tem. 

perature will lenudn at 115° C. until the 

sulphur Is all melted. (Fig. 244) 

~ I 497\Refereace Table of Mett- 
le Points : 
Alcohol, - . . . Never frozen. 
Mercury, .... — 38B°C. 
Sulphuric acid, - - —344 

Ice, 0. 

Sulphur, .... 110. 

Lead, 326 

Zinc, .... 420 

Silver (pure), ... 1.000 
Gold (pure). . - - 1,250 
IroQ (wrought), ■ - 1,600 
„ Kote. — The higher temperatoKS in this 

■ *44' table are only approximate. Cert^u 

bodies soften and became plastic before they melt lu this condition 
glass Is worked and iror, is welded. 

498. Vaporization. — If, after liquefaction, further 
additions of heat be made, a point will be reached at which 
the heat will overbalance both the cohesion and the 
pressnre of the atmosphere and the liquid pass into the 
oSriform condition. This change of form is called vapor- 
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ization. Vaporization may be of two kiilds— evaporation 
aud ebnllitioD. 

499. Evaporation. — Evaporation, signifies the 
quiet formation of vapor at the. aurfaee of a 
liqibid. 
■ (a.) Witt reference to the rapidity mth which eTaporatlon takes 
plac«, it may he remarked that — 

(1.) It Taries with the temperatare. 
(3.) It varies with the extent of surface. 

(8.) It varies with pressure npon the liqnii], beings exceedingly 
rapid in a Tacnum. 

500; Evaporation In Vacuo.— The rapid forma- 
tion of vapors in a vacuum is prettily illustrated by the 
following experiment : 
Torricellian vacua are 
formed at the top of four 
barometer tubes, A, B, 
C and i>. Fig. 345. Into 
the month of B paas a 
few drops of water. They 
will rise through the mer- 
cury to the vacuum at 
the top. Upon reaching 
this open apace they are 
instantly vaporized. The 
tension of the aqueous 
vapor shows itself by , 
lowering the mercury | 
column. This depression n 
13 dne to the tension 

rather than to the weight 

^ Fig. 245. 

of the vapor, because the 

water weighs scarcely anything compared with the mer- 
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cury it displace Introdncing the same quantity of 
alcohol into C, and of ether into D, they are instantly 
vaporized^ but the mercury will be depressed more by the 
alcohol than by the water, and more by the ether than by 
the alcohol. 

(a.) At the beginning of the ex}>e]iment, the four mercury 
columns indicated the atmospheric pressure; at the end of the 
experiment, the column in A indicated the full pressure of the 
atmosphere ; the columns In B, C and D indicate that pressure 
mintu the tension of their respective vapors. This experiment 
also shows that, at the same temperature, the vapors of different 
liquids have different tendons, 

601. Ebullition. — EbiMition, or hoiling, signi- 
fies the rapid formatioTV of vapor biibbles in the 

mass of a liquid. 
When a flask con- 
taining water is 
placed oyer the flame 
of a lamp, the ab- 
sorbed air that is 
generally to be found 
in water is driyen off 
in minute bubbles 
that rise and escape 
without noise. As 
the temperature of 
the water is raised, 
the liquid molecules 
in contact with the 
bottom of the flask 
become so hot that 
the heat is able to 
overcome the cohesion between the molecules, the pressure 
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of the overlying water, and the pressure of th& atmosphere 
aboye the water. Then the water boils. 

(a.) When the first huhbles of steam are formed at the bottom of 
the water, they rise through the water, condense in the cooler layers 
above, and disappear before reaching the surface. The formation 
and condensation of these bubbles produce the peculiar sound known 
as singing or Hmmeringf the well-known herald of ebullition. 
Finaliy, the water becomes heated throughout, the bubbles increase 
in number, grow larger as they ascend, burst at the surface, and 
disappear in the atmosphere. The whole liquid mass is agitated 
with considerable yehemence, there is a characteristic noisy accom- 
paniment, the quantity of water in the flask diminishes with every 
bubble, and finally it all disappears as steam. The water has 
"boiled away." 

502. Laws of Ebullition.— It has been found by 
experiment that the following statementa are true : 

(1.) Eyery liquid begins to boil at a certain temperature, 
which is invariable for the given substance if the pressure 
be constant. When cooling, the substance will liquefy at 
the temperature of ebullition^ or at the boiling point. 

(2.) The temperature of the liquid, or vapor, remains 
at the boiling point from the moment that it begins to 
boil or liquefy. * 

(3.) An increase of pressure raises the boiling point; a 
decrease of pressure lowers the boiling i)oint. 

503. Effect of Pressure upon Boiling Point. 

We saw in § 501 that when a liquid is boiled, the heat 
has three tasks or three kinds of work to perform, viz., 
overcoming cohesion, liquid and atmospheric pressures. 
Nothing can be more evident than the propositions that 
increasing the work to be done involves an increase in the 
energy needed to do the work ; that decreasing the wor]c 
to be done involves a decrease in the energy needed to do 
the work. In the case of boiling any given liquid, the first 
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of the three tasks can not be Taried ; either of Uie other 
two easily may. If we increase the presaare we iocrease 
the work to be done, and therefore increase the Decessary 
amount of heat, the only form of energy competent to do 
the work. If we lower the preaanre we lessen the work to 
be done, and therefore lessen the necessary amount of 
heat. This means, in the first case, ruong the boiliog 
point; in the second case, lowering the boiling point. 

504. Franklin's Experiment. — The boiling of 
water at a temperatare below 100° C. may be shown as 
follows: Half fill a Florence flask with water. Boil the 
water antil the steam driTes the ur from the upper part 
of the flask. Cork tightly, remoye the lamp and invert 
the flask. The exclnsion of the air may be made more 
certain by immersing the corked neck of the flask in water 
that has been recently boiled. When the lamp was re- 
moved the temperature was not above 100° G. By the 
tune that the flask is in- 
verted and the boiling 
has ceased the tempera- 
ture will have fallen be- 
low 100° C. When the 
boiling stops, pour cold 
water upon the flask ; di- 
rectly the boiling begins 



(a.) Tlie cold water ponied 
upon tlie Baek lowen the 
temperatnre of th« water in 
the flask bUU further, bat it 
also condensM some of the 
steam in the flask or reduces 
its tendon (g4MX This r^ 
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duction of the tension lessens the work necessary to boiling. There 
being enough heat in the water to do this lessened amount of work, 
the water again boils and increases the pressure until the boiling 
X>oint is raised above the present temi>erature of the water. The 
flask may be drenched and the water made to boil a dozen times in 
succession with a single heating. The experiment may be made 
more striking by plunging the whole flask under cool water. 

'505. The Culinary Paradox.— The same prin- 
ciple may be illustrated by the apparatus represented in 
Pig. 248. The re- 
ceiver R, having ^^' 
been exhausted with 
an air - pump, is 
closed by the stop- 
cock s. The flask F 
is half full of water 
and heated by a 
lamp placed be- 
neath. As the water 
boilS; the steam es- 
capes through the 
open stop-cocks a 
and c. When the steam has expelled the air from F, 
close a and c, removing the lamp at the same time. 
The water gradually cools and ceases to boil. Water may 
be dashed over F and the water made to boil as in the last 
experiment When this has been done a few times, the 
water may be allowed to come to rest. It will be several 
degrees below the boiling point. Opening a and s, the 
vapor of F escapes into R and the water begins to boil 
vigorously. By keeping R cool, the water in F may be 
made to boil for a considerable time. 




Fig. 248. 



Q 



506A Papin's Digester. — At high elevations water boils at 
l^tempe^tore too low for culinary purposes. Persons living there 
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are obliged to boil meats and TeKetablee (If at all) in closed Teasda 
and ander a preesnre greater than that of the atmcsphere. In die 
arte, a higher temperature than 100° C. ia Bometimea required for 
-water, bh, for example, In the extraction of gelatine fiom boneft. In 
a closed Teesel, water ma; be laosed to a much higher temperatnie 
than in the open air, but, for reasons now obvious, water cannot be 
kept boiling in such a vessel. Fapin'e IKgeater conaiste of a metal 
vessel of gteat strength covered with a lid pressed down bf a 
powerful screw. That the joint may be more perfect, a ring of 
sheet lead ia placed between the edges of the cover and of the vessel. 
It ia provided with a safety valve, pressed close by a loaded lever. 
When the tension of the steam reaches a dangerous point, it opens 
the valve, lifting the weight, and thus aUows some of the ateam 
to escape. 

{ 507. hlffiarcet's Globe.— Marcet's globe is represented 

m Fig. 349. It consists of a spherical metallic boiler, fire 

or BLi inches in diameter, provided with three openings 

through ona of which a thermometer, T, passes; through 

the second of which aglaas manometer tube, M, passes j the 

third opening being provided with a etop-cock, 8. The 

thermometer and mauomoter tubes fit their openings so 

closely that no steam can escape at those points. The 

thermometer bulb is exposed directly to 

the steam. The lower end of the manometer 

tube dips into mercury placed in the lowei 

part of the globe. The boiler is to be halt 

filled with water and heated until the 

water boils, the stop-cock being open. As 

long as the stop-cock is open, the tber- 

niometerwill not rise above 100° C. Wben 

the stop-cock is closed, the steam accumu- 

Utes, the pressure on the water increases, 

the thermometer showsarise of temperature 

i beyond 100° C. higher and hi^er as the 

Fig. 249. mercury rises in the manometer tabe. 
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When the merenry in the manometer tnbe is 760 mm. 
aboye the level of the merenry in the boiler, the steam 
has a tension of two atmospheres, and the thermometer 
will record a temperatnre of abont 121° C. 

508. Concerning Steam.— ^,4 given mass of 
water in the aeriform condition occupies nearly 
1700 tim^s as m,uch space under a pressure of 
one atmospTiere as it does in the liquid condition. 
In other words, a cnbic inch of water will yield nearly a 
cnbic foot of steam. Steam- is invisible. What is 
commonly called steam is not true steam, but little globules 
of water condensed by the cold air and suspended in it 
By carefully noticiug the steam issuing from the spout of 
a tea-kettle, it will be obseryed that for about an inch from 
the spout there is nothing visible. The steam there has 
not had opportunity for condensation. The water particles 
visible beyond this space passed through it as invisible 
steam. The steam in the flask of Fig. 247 and in F of 
Fig. 248 is invisible 

^7 509. Reference Tables.— Boiling Points under a pressure 
of one atmosphere : 




Ammonia —40'' C. 

Sulphurous anhydride...— 8 

Ether 35 

Carbon bisulphide 48 



Alcohol TS^C. 

Water (pure) 100 

Mercury 350 

Sulphur 447 



Some solids, as iodine, arsenic and camphor Tax>orize without 
visible intermediate liquefaction. The process is called suUimatiork 

Boiling Points of water at different pressures : 



Thmfwrneter. 


Barometer. 


Thermometer, 


AtmoepJieree, 


194' F. 


16.676 inches 


212° F. 


1 


190 


18.002 


249.5 


2 


aoo 


23.454 


2733 


3 


210 


28.744 


318.2 


6 


218 


29.022 


356.6 


10 


215 


81.730 


415.4 


20 
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610. Definition of Boiling Point.— We onght 
now to be fully prepared to understand that the hoUing 
point of a liquid is the temperature at which it 

gives off a vapor of the same 
tension as the surrounding at- 
w^osphere. 

{a.) If there be aaj doubt or lack of 
comprehension of this proposition, it may 
be removed by the following experiment : 
A. A glass tube, bent as shown at A, has its 
short arm closed and its long arm open. 
The short arm is nearly filled with mer- 
cury, the space above the mercury being 
filled with water. While water is briskly 
boiling in a flask, the bent tube is sus- 
pended in the steam, as shown in Fig. 
250. Part of the water in the bent tube 
is changed to Vapor, the mercury falls in 
the ^hort arm, and fiimlly assumes the same 
Fig. 250. level in ho^^braneh^ ^'' \, /^ 

511. Distillation. — Distillation is a process of sep- 
arating a liquid from a solid which it holds in solution, or 
of separating a mixture of two liquids having diflferent 
boiling points. The process depends upon the fact that 
diflferent substances are vaporized at diflferent temperatures. 
The apparatus, called a still, is made in many forms, hut 
consists essentially of two parts — ^the retort for producing 
vaporization, and a condenser for changing the vapor back 
to the liquid form. Fig. 251 represents one form of the 
apparatus. It consists of a retort, ai, the neck of which is 
connected with a spiral tube, dd, called the worm. The 
worm is placed in a vessel containing water. This vessel 
is continually fed with cold water carried to the bottom by 
the tube h. As the water is warmed by the worm it rises 
and overflows at i. 
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Fig. 251. 

513. Distillation of a Liquid &om a Solid. 

.-Suppose that water is to be separated from the salt it 
holds in BolntioQ. The brine is placed in a retort and 
heated a little above 21S°F. At this temperature the 
water is vaporized while the salt is not. The steam is 
driven from the 
retort through the 
worm, where it is 
rapidly oondensed 
and passes into a 
vessel prepared to 
receive it. The 
salt remains in 
the retort. Of , 
course, the water ^ 
of the vessel con- 
taining the worm Fig. 35a. 
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must be kept cool. This is done by constantly feeding it 
at the bottom with cold water^ as explained in the last 
article. 

{a.) Fig. 252 represents a simpler form of apparatus for this pnr- 
pose. The retort is a Florence flask, the delivery tube of which 
passes through a " water-jacket." The method of supplying this 
condenser with cold water is evident from the figure. Sometimes 
the delivery tube passes directly into a vessel placed in a cold water 
bath, this vessel serving as both condenser and receiver. 

513. Distillation of a Liquid from a Liquid. 

— Suppose that alcohol is to be separated from water. 
The solution is placed in the retort and heated to about 
90° C, which is above the boiling point of alcohol but 
below that of water. The alcohol will pass over in a state 
of vapor and be condensed, while the water, etc., remains 
behind. In practice, the alcohol vapor passes over charged 
with a certain amount of steam. A receiver placed in a 
bath containing boiling water is interposed between the 
retort and the worm or condenser. In this receiver the 
steam condenses, while the vapor of alcohol passes on to 
the worm where it also is condensed. This process is known 
as "fractional distillation.'* 

Recapitulation. — In this section we have considered 
the meaning of Liquefaction ; the La\vs of Fu- 
sion ; the meaning and kinds of Vaporization ; 
Evaporation in air and in vacuo ; Ebullition and 
its Lav/s ; effect of Pressure upon the boiling point; 
Steam ; definition of Boiling Point ; Distilla- 
tion. 
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514. Thermal Units.— In § 473 it was stated that 
heat is measurable; but that we may measure it^ a standard 
or unit of measure is necessary. A thermal or heat 
unit is the amount of heat neeessary to warm/ a 
weight unit of water one degree ahove the freezing 
point. The weight unit generally used is the kilogram or 
pound; any other weight unit may be used with equal 
propriety. The degree may be centigrade or Fahrenheit 

( (a.) We therefore have at least four units in common use. They 
Vre the amounts of heat necessary to wann 

(1.) A kilogram of water from 0° C. to 1° C. 
(2.) A kilogram of water from 92° F. to 83° F. 
(3.) A pound of water from 0** C. to 1° C. 
(4.) A pound of water from 32° F. to 33" F. 

It makes no practical difference which unit is used, excepting so 
far as convenience is concerned, but the unit must not be changed 
during any problem. The first of these units is called a calorie.^ , 

515. Two Fruitful Questions.— We have already seen 
that heat melts ice, and that during the melting the temperature i& 
constant ; that heat boils water, and that during the boiling the 
temperature is constant. One feature of this change of condition 
remains to be noticed more fully. Take a block of ice with a tem- 
perature of —10" C. (14° F.) and warm it. A thermometer placed in 
it ri9es to 0° C. The ice begins to melt, but the mercury no longer 
rises. Heat is stiU applied, but there is no increase of temperature ; 
the mercury in the thermometer remains stationary until the last 
particle of ice has been liquefied. Then, and not till then, does the 
temperature begin to rise. It continues to do so until the ther- 
mometer marks 100° C. The liquid then begins to boil, and the 
temperature a second time becomes fixed. But during all the time 
that the thermometer stood at 0° C, or while the ice was melting, 
heat was given by the lamp and received by the ice. Why then did 
not the temperature rise during that time, instead of remaining the 
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same until the last particle of ice was melted? After tlie water 
began to boil, heat was continuouslj supplied. Why then was 
there not a continued increase of temperature ? 

516. Molecular Eiier^ies.— Heat is a form of energy and 
may be kinetic or potential. There can be no doubt that when a 
body is heated its molecules are thrown into violent motion, and 
that as the temperature is raised the energy of this molecular motion 
is increased, or that as this molecular motion is increased, the tem- 
perature is raised. But some of this molecular energy that we call 
heat, instead of being used to set the molecules of the body in motion, 
has work of a different kind to perform. That part of the heat 
which is spent in producing molecular vibrations, which increases 
the temperature, is called sensible heat. Another part is employed 
fn pushing the molecules of the body asunder, producing expansion 
and change of condition. In forcing these molecules asunder, in- 
visible energy of motion is changed to energy of position as truly 
and as necessarily as visible energy of motion is changed to the 
potential variety in throwing or carrying a stone from the earth to 
the house-top. (§ 159.) 

517. Trausmntation of Molecular Energy .—In most 

eases, but little of the heat communicated to a body is thus changed 
to potential energy, the greater part remaining energy of motion 
and increasing the temperature. But there are certain crises, or 
*' critical occasions," on which the greater part of the heat communi- 
cated is transformed into energy of position. Thus, at the melting 
point, a large quantity of heat maybe given to ice without affecting 
the temperature at all ; instead of raising the temperature, it merely 
melts the ice. The energy used has been changed from the kinetic 
to the potential variety. In like manner, at the boiling point, a 
large quantity of heat may be given to the water without affecting 
the temperature at all. Instead of raising the temperature further, 
it merely vaporizes the water, and the steam has the same tempera- 
ture as the water from which it caine. The same change of molec- 
ular energy of motion into molecular energy of position has again 
taken place. This heat, which is thus used to overcome cohesion 
and change the condition of matter, does not affect the temperature 
and therefore is not sensible, but is stored up as potential energy 
and thus hidden or rendered latent, 

518. Definition of Latent Heat.— ^e latent 
heat of a sivbstance is the quantity of heat that is 
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lost to thermometrio measurement during its lique- 
faction or vaporization, or the amount of heat that 
must be communicated to a body to change its 
condition without changing its temperature. It may 
be made to reappear during the opposite changes after any 
interval of time. Many solids may undergo two changes 
of condition. Such solids have a latent heat of liquefac- 
tion and a latent heat of vaporization. 

519. Latent Heat of Fusion.— We are already 
familiar with the fact that when ice or any other solid is 
melted by the direct application of heat, much of the heat 
is rendered latent. In the case of melting ice we shall 
show how this latent heat is measured, and that its quan- 
tity is very great We may represent the process of lique* 
laction of ice as follows : 

Water at 0° C. = ice at ff" C. + latent heat of water. 

520. Latent Heat of Solution.— During the 

process of solution, as well as during fusion, heat is ren- 
dered latent In either case the performance of the tcorh 
of lique£Etction demands an expenditure of kinetic energy. 
Hence the solution of a solid involves a diminution 
of temperature. 

(a.) This loss may in some cases be made good by an equal in- 
crease, or changed to gain by a greater increase of sensible heat 
from the chemical changes involved ; but in any case, the act of 
liquefaction considered by itself produces cold. Thus a cup of 
coffee is cooled by sweetening it with sugar, and a plate of soup is 
cooled by flavorinfi^^t wit^4^1t^ r * 

621. Freezing Mixtures.-— ^te latent heat of 
solution lies at the foundation of the action of 
freezing mixtures. For example, when ice is melted 
by salt^ and the water thus formed, in turn, dissolves the 
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salt itself^ the doable liqae&ction requires a deal of heat 
which is generally famished by the cream in the freezer. 
The freezing mixture most commonly used consists of one 
weight of salt and two weights of snow or pounded ice. 
The mixture assumes a temperature of —18° G.» which 
furnished the zero adopted by Fahrenheit. 

(a.) By mixing, at the freezing temperature, three weights of 
snow with two weights of dilate sulphuric acid, the temperature 
may be reduced to about —20° F., a diminution of over 50 Fahren- 
heit degrees. If equal weights of snow and dilute sulphuric acid 
be thus reduced to a temperature of —20° F. and then mixed, the 
temperature will fall to about —60° F. By mixing equal weights 
of sodium sulphate crystals (Glauber's salt), ammonium nitrate and 
water, all at the ordinary temperature, and stirring the mixture 
with a thermometer, the temperature will be seen to faU from about 
65° F. to about 10° F., which is considerably below the f reedng point 
of pure water. Glauber's salt and chlorhydric (muriatic) acid form 
a good- freezing mixture. 

522. Solidification. — Solidification signifies the 
passage from the liquid to the solid condition. During 
solidification there is an increase of temperature. 
This may seem paradoxical in certain cases^ but^ eyen in 
the case of water^ it is true that solidification is a wanning 
process. 

(a,) The sensible heat that disappeared as latent heat during 
liquefaction, being no longer employed in doing the work of main- 
taining liquidity, is reconverted into sensible heat and immediately 
employed in increasing the molecular vibrations. The molecular 
potential energy is transmuted into molecular kinetic energy. This 
is frequently illustrated by the precaution taken in winter to place 
tubs of water in vegetable cellars that the latent heat of the freez- 
ing water may be changed into sensible heat and thus protect the 
vegetables. 

523. Temperature of Solidification. — The 

melting point is the highest temperature at which solidi- 



^ 
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fication can take place^ but it is possible to keep substances 
in the liquid condition at lower temperatures. Water 
standing perfectly quiet sometimes cools several degrees 
below the melting point without freezing, but, upon agita- 
tion in any perceptible degree, solidification immediately 
takes place. 

(a.) Persons who sleep in cold chambers sometimes notice, upon 
arising, that as soon as thej touch a pitcher of water that has been 
standing in the room over night, the water quickly freezes. If a 
particle of ice be dropi)ed into the water the same result follows. 
We may say that, in this condition, liquids have a tendency to freeze 
which is kept in check only by the difficulty of making a beginning. 

524a Heat from Solidification. — (1.) By surrounding, 
with a freezing mixture, a small glass vessel containing water, and 
a mercury thermometer, the temperature of the water may be re- 
duced to — 10° C. or — 12° C. without freezing the water. A slight 
movement of the thermometer in the water starts the freezing and 
^ the temperature quickly rises to 0° C. 

^^ {\J^^ Place a thermometer in a glass vessel containing water at 
80** C. and a second thermometer in a large bath of mercury at — 10° C. 
Immerse the glass vessel in the mercury. The temperature of the 
water will gradually fall to 0°C., when the water will begin to 
freeze and its temperature become constant. In the meantime the 
temperature of the mercury bath rises, and continues to do so tcJdle 

^ ike waJter \» freessing. 
f/O (3.) Dissolve two weights of Glauber's salt in one weight of hot 
^~< water, cover the solution with a thin layer of oil and allow to cool, 

t in perfect quiet, to the temperature of the room. By plunging a 
thermometer into the still liquid substance, solidification (crystal. 
lization) is started and the temperature rapidly rises. Dr. Arnott 
found that this experiment was successful after keeping the solu- 
tion in the liquid condition for five years. 

. ^ (4.) Mix equal quantities of dilute sulphuric acid and of a satu- 

^^-'^rated solution of calcium chloride (not chloride of lime), the two 
liquids having been allowed time to acquire the temperature of the 
room. The two liquids are converted into solid calcium sulphate, 
with a marked increase of temperature. In this case, as in some 
of the other cases, part of the heat observed is probably due to 
chemical action, but more to the conversion of the latent heat of 
the liquids. 
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(S ) To three weights of quicklime add one weight of water. 
The water will be completely solidified in the slaking of the lime 
with remarkable thermal manifeetationa. Carts coutaiaing quick- 
lime have been set on fire bj exposure to heavy rains. 

5!35. Chauge of Bulk during Solidiflcatton. 

— Most substances shrink in size during solidification; but 
a few, eucb as ice, cast-iron, antimony and bismuth, axe 
esceptioDB. When melted cast-iron is poured into a mould, 
it ex^nds in cooling and presses into every part of the 
mould. The tracings on the casting are, therefore, as clear 
cut as they were in the mould. A clear-cut casting can 
not be obtained from lead ; this is one of the reasons why 
antimony is made a constituent of type-metaL Gold coins 
have to he stamped ; they cannot be cast so as to produce 
a cletir-cut design. The bursting of pipes by freezing water 
is a common source of annoyance. 

(a.) An army officer at Qnebec performed the following ezperi- 
f^ ment : He filled a 12-inch 

shell with water and closed 
tlie opening with a wooden 
plug forcibly driven in. The 
shell was put out of doors ; 
the temperature being 
— S8° C, the water froze, the 
ping was thrown about 300 
feet, and a tongue of ice 
about eight inches long pto- 

I traded from the opening. 
In a similar experiment, the 
shell split and a rim of ice 
Fig. 353. issued from the rent 

536. Latent Heat of Vaporization. — The 

vaporization of a liquid is accompanied by the disappear- 
ance of a large quantity of heat, and frequently by a diminu- 
tion of temperature- There is a change of sensible into 
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latent heat; of kinetic into potential energy. We may 
represent, for instance, the va- 
porization of water as follows : 
Steam at 100° C. = water 
at 100° C. + latent heat of 
steam. 

(a.) The CT^rophoras, Bfaown in 
Fig. 254, consists of a bent tnbe 
and tno bulbs contuning a small 
quantity of water. The tdr is re- 
moved bj briskly boiling the water. 
The tnbe is sealed while the Hleam 
is escaping. The inatrament thus 
contains only water and aqneous 
vapor. When the liquid is poured 
into B, and A is plfLced in a frees- p,Q ^., 

ing mixture, the vapor is lugelj 

condensed in A while more is rapidly formed in B. Crystals of ice 
soon form on the surface of the wat«r in B. 

{&.) Wet a block of wood and place a watch crystal upon it. A 
film of water maybe seen onderthe central part of the glass. Half 
fill the crjstal with snlphurio ether and rapidly evaporate it by 
blowing over its sartace a stream of air from a small bellows. So 
much heat is rendered latent in the vaporization that the watch 
crystal is firmly frozen to the wooden Wixlk. 

Vi37. Condensation of Gases.— Gases may be 
condensed by anion with some liquid or solid, by cold or 
by pressure. It has been recently shown that any known 
gas may be liquefied by cold and pressure. In any case, 
ike condensation of a gas renders sensible a large 
amoitnt of heat. 

(a.) Sulphnrons oxide (80)) previously dried, is eawly liquefied 

by passing it through a U-tube immersed in a freezing mixture. 

When some of this liquid la placed upon mercury ia a amalt capsule 

, and rapidly evaporated by blowing over it a stream of air from a 

bellows, Ae mereury i$friKen (g 497). 
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(b.) The change of latent heat into senrable during the 
tion of a gas ia eafiilj illustrated 
bj the following experiment ; 
Into a gae bottle, A, pat a tea- 
cup full of small pieces of mar. . 
ble,andpourinenoughwHterio 
cover them and to seal the lower 
end of the thUrtle tube. . From 
the gM bottle lead a delivery 
tube to the lower part of a bot- 



tnbe to the lower part of the Fig. 255. 

bottle 0, which contfOuB a ther- 
mometer, T, with its lower part embedded in a teacup full of salts 
of tartar. Throngh the thistle tube of A pour muriatic add, about a 
thimblefull at a time. CarlMmic acid gas will be liberated and pass 
throagh B into (7. There it unites with the potassium carbonate, 
changing it to potasMnm bi-carbonate. In this change from the 
aeriform to the solid condition, the carbonic acM gives up all its 
latent heat, aa is shown by the remarkable rise of the thermometer 
in G. That this increase of temperature is not dne to the sensible 
heat of a hot gas is shown by the fact that t is scarcelj afiected 
during the experiment. 

(e.) When the vapor is condensed to the liquid or solid form, the 
heat previously rendered latent is given out as sendble heat \ that 
is, the energy of position is changed back to energy of motion. In 
coming together again, the particles yield the same amonnt of 
kineUc energy as was coDBQmed In th^ separation. ^ 

, • / / - (^ ^ V 

538. The liatent Heat of Water.— Ifrib. of 
■water at 0° C. be mixed with 1 lb. of water at 80" C, we 
shall have two pounds of water at 40° 0, But if 1 lb. of 
ice at 0° C. be mixed with 1 lb. of water at 80° 0., we shall 
have two pounds of water at 0° 0. The heat which might 
be used to warm the water from 0" to 80° C, has been nsed 
ia melting a like weight of ice. Hence, by our definition, 
we see that the latent heat of water is 80° 0. (or 144° F.) 
This means that the, amount of heat required to m£lt 
a qiiantiiy of ice without changing its tempera- 
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ture is eighty times as great as the heat required 
to warm the same quantity of water one centi- 
gram degree. 

(a.) Because of this great latent heat of water, the processes of 
melting ice and freezing water are necessarily slow. Otherwise, the 
waters of pur northern lakes might freeze to the bottom in a single 
night, while "the hut of the Esquimaux wOuld vanish like a house 
in a pantomime/' or all the snows of winter be melted in a single 
day with inundation and destruction. 

529. The Latent Heat of Steam.— Experiment 
has shown that the amoant of heat necessary to evaporate 
one pound of water would sujQIce to raise the temperature 
of 537 pounds of water 1^ C. Hence we say that the latent 
heat of steam is 537° C. (or 967° F.). This means that the 
amount of heat required to evaporate a quantity 
of water udthout changing its temperature is 537 
times a^ great as the heat required to warm the 
same quantity of water one centigrade decree, 

(a.) When a pound of steam is condensed, 537 heat units (pound- 
centigrade) are liberated. In this we see an explanation of the 
familiar fact that scalding by steam is so painfully severe. Were 
it not for the latent heat of steam, when water reached its boiling 
point it would instantly flash into steam with tremendous explosion. 

530. Problems and Solutions.— (1.) How many pounds 

of ice at 0° C. can be melted by 1 poimd of steam at lOO" C. ? One 
pound of steam at 100** C, in condensing to water at the same tem- 
perature, parts with all its latent heat, or 537 heat units. The 
pound of water thus formed can give out 100 more heat units. 
Hence, the whole number of heat units given out by the steam in 
changing to water at 0° C, the temperature at which it can no longer 
melt ice, is 537 + 100 = 637. 

Let X = the number of pounds of ice that can be melted. Each 
pound of ice melted will require 80 heat units. Hence, 80aJ = the 
number of heat units necessary. The heat to melt the ice must 
come from the steam. . 

Therefore 80a; = 637. /. a? = 7.96 + lbs. Ana, 

15 
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(3.) How many pounds of steam at 100" C. will just melt 100 
pounds of ice at 0° C. ? \i x represent the number of pounds of 
steam required, that quantity of steam at 100** C. will furnish 637^ 
heat units. To melt 100 Ibe. of ice, (80 x 100 =) 8,000 heat units 
will be required. 

Hence. 637aj = 8,000. .*. a? = 12.55 + lbs. Ans, 

(8.) What weight of steam at 100"* C. would be required to raise 
500 pounds of water from 0° C. to 10° C. ? 
Let X = the number of pounds of steam required. 

(537 + 90)a; = 500 X 10. .'. x = 7.97 + lbs. Ans. 

(4.) If 4 lbs. of steam at 100 C. be mixed with 300 lbs. of water at 
10° C, what will be the temperature of the water ? 

Let x = the temperature. In condensing to water at 100° C, the 
4 lbs. of steam will give out (537 x 4 =) 2,148 heat units. This 
4 lbs. of water will then give out 4(100 — tr) heat units. Hence, the 
steam will impart 2,148 + 4(100 — x) heat units. The 200 lbs. of 
water in rising from 10° C. to a;° will absorb 200(aj — 10) heat units. 

Hence, 2,148+4(100 -ar) = 200(a;- 10). .-. « = 22.29° C. Ans. 

631. Illustration of Specific Heat.— When 
the temperature of a body changes from 30° to 20% the 
body loses just as much heat as it gained in passing from 
20° to 30°. This heat lost by a cooling body may be 
measured^ like any other energy, by the work it can per- 
form. If equal weights of different bodies be raised to the 
same temperature, the amount of ice that each can melt 
will be proportional to the number of thermal units they 
severally contain. A pound of sulphur at 212° F. will 
melt \ as much ice as a pound of boiling water. Hence, 
it required only \ as much heat to heat the sulphur from 
the freezing point to 212° F., as it did to heat the water 
to the same temperature; in scientific phraseology, the 
specific heat of sulphur is \. 

{a.) In an experiment of this kind, if the cooling substance change 
its condition, the latent heat set free as sensible heat must be taken 
into account. Special precaution must also be taken in measuring 



Fig. 856. 
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the heat expeoded, to avoid mdUng of the ice 
of the aniToimding txt and making proper 
allowance for the heat expended in wanning 
the apparatne itself. Fig. 356 TepiesentB a 
form of eal«rimeter frequently osed in sn<;h 
eipeiiments. Jf contains the heated body 
whose wdght and temperature are known. 
A contuns the ice to he melted, the liquid 
thus produced eecaping bj D. B is an ice 
jacket to prevent melting of the Ice in J by 
the heat of the air. 

532. Definition of Specific 

Heat. — The specific heat of a body 

is the ratio between the qitaniity 

of heat required to warm that body one decree and 

ihe quantity of heat required to warm an equal 

weight of water one degree. 

(a.) It is very important to bear in nund that specific heat, like 
specific gravity, la a ratio ; nothing more nor less. The specific heat 
of water, the standard, is nnity. This ratio will be the same for 
any given substance, whatever the thermal unit or thennometric 
scale adopted. 

533. Specific Heat Determined l>y Mixture. 

— One of the simpleHt methods of measaring specific heat 
is by mixture. Sappose, e. g., that 3 kilograms of mercuiy 
at 100° C. are mixed with 1 kilogram of ice-cold water and 
that the temperature of the mixture is 9° 0. How shall 
we find the specific heat of mercury ? 

Let X — the specific heat of the mercury, or the amount of heat 
lost by one kilogram of mercury tor each degree of change of 
temperature. Then wUI 

81 = the number of heat anits lost by the given amount of mer- 
cury tor every degree of change of temperature, and 91 times 



The specific heat ot water is 1. This multiplied by the nnmber 

of kilograms of water taken is 1, which representa the niunber of 
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heat nnits g^ned by that quantity of water for each degree o( 
change of temperature. Then will 9 represent the number of heat 
units gained by the wat«r in passing f rom 0° to 9°. But no beat 
baa been destrojed or waated ; what the mercoiy haa lost, the water 
haa gained. 

Merewrjf. Water. 

'.'.'.'.'.'.'.'. 3 1 
91 9 

Heat anits 273as = 9 

.'. X = .088, the specific heat of meicoxy. 

634. Heated Balls Melting Wax.— The differ- 
ence between bodies in respect to specific beat may be 
roughly Ulnstrated as follows: small balls of eqnal weigbt, 
made sererally of iron, copper, tin, lead and bismntb are 
heated to a temperature of 180° or 300° C. by immersing 
tbem in hot oil until they all acquire the temperature of 
the oil. They are then placed on a cake of beeswax about 
half an inch 
thick. The iron 
and copper will 
melt tbeir way 
through the 
I wax, the tin will 
r nearly do ao, 
while the lead 



Fic. 3$y. 



and bismuth 



sink not more than half way through the wax. 

535. Reference Tables.— (1.) Spedflc Heat ol 
stances: 

Hydrogen 8.4090 Iron 

Water 1.0000 Copper. 

Ammonia (gaa) 5084 Silver 

Air 2.^75 Tin 

Oxygen 217S Meronry 

Sulphur 3036 Lead .., 

Diamond 1469 Bismuth 



^ 
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(2.) Specific heat of some substances in different states : 

Solid, Liquid. Aeriform, 

Water 5050 1.0000 .4805 

Bromine 0843 .1060 .0555 

Alcohol .5050 .4534 

Ether. .5467 .4797 

636. Specific Heat of Water.— TFa^er in its 
liquid form has a higher specifio heat than any 
other sitbstance except hydrogen. For this reason the 
ocean and onr lakes are cooled and heated more slowly 
than the land and atmosphere. They thus modify sudden 
changes of temperature, and give rise to the well known 
fact that the climate of the sea-coast is warmer in winter 
and cooler in sammer than that of inland places of the 
same latitude. The heat of summer is stored up in the 
ocean and slowly given out during the winter. This fact 
also explains a phenomenon familiar to those living on the 
borders of the ocean or great lakes. Because of its lower 
specific heat, the land becomes during the day more heated 
than the water. The air in contact with the land thus 
becomes more heated, expands, rises and forms an upper 
current from the land accompanied by a corresponding 
under current to the land, the latter constituting the 
welcome sea or lake breezes of summer. After sunset, 
however, the land cools more rapidly than the water, the 
process is reversed, and we have an under current from 
the land constituting the land breeze. 

Exercises. 

1. One kUogram of water at 40° C, 2 kilograms at 30* C, 3 kilo- 
grams at 20"^ C, and 4 kilograms at 10° C. are mixed. Find the tem- 
perature of the mixture. 

3. One pound of mercury at 20° C. was mixed with one pound of 
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water at O^^C, and the temperature of the mixture was 0.634*^0 
Calculate the specific heat of mercurj. 

3. What weight of water at 85"" C. will just melt 15 pounds of 
ice at 0* C? 

4. What weight of water at 95" C. will Just melt 10 pounds of ice 
at-lO^C? 

5. What weight of steam at 125° G. will melt 5 pounds of ice at 
—8° C. and warm the water to 25° C. ? 

6. How much mercury could be warmed from 10° C. to 20° C. by 
1 kilogram of steam at 200° 0. ? 

7. Equal masses of ice at 0° C. and hot water are mixed. The ice 
is melted and the temperature of the mixture is 0° C. What was 
the temperature of the water ? 

8. Ice at 0° C. is mixed with ten times its weight of water at 
20° C. Find the temperature of the mixture. Arts, 11° C. nearly. 

9. One pound of ice at 0° C. is placed in 5 pounds of water at 
12° C. What will be the result ? 

10. Bind the temperature obtained by condensing 10^. of steam 
at 100° C. in 1 Kg, of water at 0° C. 

11. A gram of steam at 100° 0. is condensed in 10 grams of water 
It 0° C. Find the resulting temperature. Arts, 58° C. nearly. 

12. If 200^. of iron at 300° C. be plunged into 1 ^. of water at 
D° C, what will be the resulting temperature ? 

18. Find the specific heat of a substance, 80 g, of which at 100° C. 
being immersed in 200^. of water at 10° gives a temperature of 
20° C. 

14 If 300^. of copper at 100° C. be immersed in 700^. of alcohol 
at 0° C, what will be the resulting temperature ? (§ 535.) 

15. What will be the result of mixing 5 ounces of snow at 0° C. 
with 23 ounces of water at 20° C. ? 

16. A pound of wet snow mixed with 5 pounds of water at 20° C. 
yields 6 pounds of water at 10° 0. Find the proportions of snow 
and water in the wet snow. 

17. What weight of mercury at 0° C. will be raised one degree 
by dropping into it 150 g, of lead at 400° C. ? 

18. Find the result of mixing 6 pounds of snow at 0° C. with 
7 pounds of water at 50° C. 

Recapitulation. — In this section we have considered 
the definition of Thermal Units ; two Varieties 
of Molecular Energy ; their mutual Converti- 
bility; the definition of Latent Heat; the latent 
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heat of Fusion and of Solution ; Freezing Mix- 
tures ; Solidification, and the Temperature of 
Solidification ; Heat from Solidification ; 
Change of Bulk during solidifying; the Latent 
Heat of Vaporization ; the Condensation of 
Gases ; the Latent Heat of Water and of 
Steam; illustration and definition of Specific Heat; 
specific heat Determined by Mixture; specific 
heat Determined by Melting Wax; tables of 
specific heat, and the Specific Heat of Water. 



j ^SeC TION IV. 

MODES OF DIFFUSING HEAT. 

537. Diffusion of Heat. — ^Heat is diffused in three ways : 
by condaction, convection, and radiation. Whatever the mode of 
diffusion, there is a tendency to produce uniformity of temperature. 

538. Conduction. — If one end of an iron poker be 
thmst into the fire^ the other end will soon become too 
warm to be handled. It has been heated by conduction^ 
the molecules first heated giving some of their heat to those 
adjacent^ and these passing it on to those beyond. There 
was a transfer of motion from molecule to molecule. The 
process by which heat thus passes from the hotter 
to the cdder parts of a body is called conduction 
of heat. The propagation is very gradual, and as rapid 
through a crooked as through a straight bar. 

639. Differences in Conductivity.— If, instead 
of an iron poker, we use a glass rod or wooden stick, the 
end of the rod may be melted or the end of the stick 
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Fig. 258. 

burned without rendering the other end uncomfortably 
warm. We thus see that some substances are good con- 
ductors of heat while some are not Thrust a silver and 
a German silver spoon into the same vessel of hot water, 
and the handle of the former will become much hotter 
than that of the latter. 

{a,) Fig. 258 represents a bar of iron and one of copper placed 
end to end so as to be heated equally by the flame of the lamp. 
Small balls (or nails) are fastened by wax to the under surfaces of 
the bars at equal distances apart. More balls can be melted from 
the copper than from the iron. The number of balls melted off, not 
the rapidity mth which they fall, is the test of conductivity. The 
rapidity would depend more upon specific heat. 

(6.) Relative thermal conductivity of some metals : 



Silver 100 

Copper 74 

Gold 63 

Brass 24 

Tin 15 



Iron 12 

Lead 

Platinum 8 

German silver 6 

Bismuth 3 



The above-named metUs arrange themselves in the same order 
with reference to the conduction of electricity, silver being the best 
and bismuth the poorest. This relation suggests a similarity of 
nature between these two agents. 

640. Conductivity of VIxjAAb.— Liquids and 
aeriform bodies are poor conductors of heat. The 
surface of a liquid may be intensely heated without sensibly 
affecting the temperature an inch below. 
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.) Cork the neck of k glass funnel and pass the tube of ui 
Inverted thennometer tlirougli the cork, or use an »iir 
thermometer, as shown in the figure. Coyer the thei- 
mometer bulb to the depth of about half an inch with 
water. Upon the water poor a little Bulphnric ether 
and Ignite it The heat of tlie flame will be intense 
enough Ut boil a email quantity of water held owr it, 
hut the thermometer below will be scarcely aSected. 
Fasten a piece ot ice at the bottom of a glass tube, 
cover it to the depth of several inches with water. 
Hold the tube at an angle of about 45°, and apply the 
fiame of a lamp below the upper part of the water. 
The water there may be made to boil without melting 
I the ice. The conductivity of gases is probably lowe: 
Fia. 359. than that of liquids. 

541. Convection. — Flaida (with the exception rL 
mercury, wtich is a metal) being poor conductors, they 
cannot bc heated ae soUds gen- 
erally are. Water, e.g., must be 
heated from below j the heated 
molecaleB espond and rise while 
the cooler ones descend to take 
their place at the sonrce of heat 
These currents in heating water 
may be made visible by dropping 
a small quantity of cochiueal or 
oak sawdust into the Teasel con- 
taining the water, ITiis method 
of diffusing heat, ty actual 
Tnotion of heated fluid masses, ^^^ ^^ 

£s called convection. Expansion 

by heat and the force of gravity are essential to convection. 
Since a&iform bodies are expanded more by heat than 
Uqnids are, these currents of heated gases are more active 
than those of liquids. Hence the drafts of lamps and 
stoves, the existence of trade winds, etc. 
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542. The Third Mode of Heat DifEUsion.— When a 

hand is held over a heated stove, heat is carried to the hand by con- 
vection and given up to the hand by condacticm. But when the 
hand is held before the stove it is also heated, not by condnction, for 
fluids have little conducting power ; not by convection, for convec- 
tion currents are ascending. How then does the heat get to the 
hand ? The query comes to us with still greater force when we 
consider the transmission of the sun's heat to the earth, for the 
atmosphere can carry it by neither conduction nor convection. 
More important yet, how does the sun's heat reach the earth's 
atmosphere? This heat passes through the atmosphere without 
heating it. If along a poker thrust into the fire the hand be moved 
toward the stove, the temperature increases. If a person ascend 
through the atmosphere toward the sun the temperature diminishes. 
We have here a wholly new set of thermal phenomena, heat pass- 
ing through a substance and leaving the condition of that substance 
unchanged. 

543. Luminiferous Ether. — In the case of actual^ 
mechanical energy, the rapid motion of bodies, e, g.y a 
vibrating guitar string, is partly carried off by the air in 
the shape of sound. When the sound reaches the auditory 
nerve it represents a certain amount of mechanical energy 
of motion which has been carried from the string by the 
air. There is sufficient reason for believing that 
there is a medium pervading all space which car- 
ries off part of the invisible motions of molecules, 
just as the air carries off a portion of the motion 
of moving masses. This medium, called the luminiferous 
ether, occupies all space. The gaps between the sun, the 
/>lanets and their satellites are filled with this ether, " It 
makes the universe a whole and renders possible the inter- 
communication of light and energy between star and star." 

544. Density and Elasticity of the Ether.— This ether 
is wonderful, not only in its incomprehensible vastness but equally 
so in its subtleness. While it surrounds the suns of unnumbered 
systems and fills all interstellar space, it also surrounds the smallest 
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particles of matter and fills intermolecalar space as well. It is 
called lominiferoas because it is the medium by which light is 
propagated, it serving as a common carrier for both heat and light. 
We have seen (§ 426) that the velocity of sound depends upon two 
considerations, the elasticity and the density of the medium. The 
enormous velocity with which the ether transmits heat and light as 
wave motion (about 186,000 miles per second), compels us to assume 
for the ether both extreme elasticity and extreme tenuity. 

545. Radiant Heat. — We have seen that the mole- 
cules of a heated body are in a state of active yibration. 
The motion of these vibrating molecules is communicated 
to the ether and transmitted by it, as waves, with wonder- 
ful velocity. Thus, when you hold your hand before a fire, 
the warmth that you feel is due to the impact of these 
ether-waves upon your skin ; they throw the nerves into 
motion, just as sound-waves excite the auditory nerve, and 
{he consciousness corresponding to this motion is what we 
popularly call warmth. Heat^thus propagated by the 
ether, instead of by ordinary forms of matter, is 
Radiant Heat. The process of propagation 
is called radiation. 

546. The Transmission through a 
Vacuum. — Radiant heat iviZl traverse a 
vacuum. We might infer this from the fact 
that the sun radiates heat to the earth. It may 
be also shown experimentally. 

(a.) A thermometer is sealed air-tight in the bottom 
of a glass globe in such a way that the bulb is near the 
centre of the globe. The neck of the flask is to be pic. 261. 
about a yard long. The apparatus being filled with 
mercury and inverted over a mercury bath, a Torricellian vacuum 
is formed in the globe and upper part of the tube. The tube is 
then melted off above the mercury. When the globe is immersed 
in hot water, the thermometer immediately indicates a rise of tem« 
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perature. There is no chance for convection ; conduction acts much 
more slowly. 

547. Rectilinear Propagation.— jSo^u^/z^^ heat 
travels in straight lines through any uniform 
medium. 

(a.) Between any soorce of heat and a thermometer place several 
screens. If holes he made in the screens (See Fig. 272} so that a 
straight line from the source of heat to the thermometer may pass 
through them, the thermometer will he affected by the heat. By 
moving one of the screens so that its opening is at one side of this 
line, the heat is excluded. In a very warm day a person may step 
from a sunny into a shady place for the same reason. The heat that 
moves along a single line is called a ray of heat. 

548. Radiation Equal in all Directions.— 

Heat is radiated equally in all directions. If an 
iron sphere or a kettle of water be heated, and delicate 
thermometers placed on different sides of it at equal dis- 
tances, they will all indicate the same temperature. 

549. Radiation Depends upon Tempera- 
ture of the Source. — The intensity of radiant 
heat is proportional to the temperature of the 
source. 

(a.) Near a differential thermometer, place a vessel of water 10'' 
warmer than the temperature of the room. Notice the effect upon 
the thermometer. Heat the water 10° more and repeat the experi- 
ment at the same distance. Then heat the water 10° still more and 
repeat the experiment again. The effects upon-the thermometer will 
be as the numbers one, two and three. 

660. Effect of Distance.— :Z%& intensity of 
radiant heat varies inversely a^ the square of the 
distance. 

(a.) Place the differential thermometer at a certain distance from 
the heated water and note the effect. Removing the thermometer 
to twice that distance the effect is only one-fourth as great, etc 
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551. Incident Bays.— When radiant heat falls 
upon a surface it maybe transmitted, absorbed or reflected. 
If transmitted, it may be refracted. Eock salt crystal 
transmits nearly all, reflects yery little, and absorbs hardly 
any. Lampblack absorbs nearly all, reflects very little, and 
transmits none. Polished silver reflects nearly all, absorbs 
a little, and transmits none. 

552. Diathermancy.— £oe2i^5 that transmit ra- 
diant heat freely are caUed diathermanous ; those 
that do not are called athemianous. These terms 
are to heat, what transparent and opaque are to light. 
Bock salt is the most diathermanous substance known. 
Heat that is radiated from a non-luminous source, as from 
a ball heated below redness, is called obscure heat; while 
part of that radiated from a luminous source^ as from the 
sun or from a ball heated to redness, is called luminous 
heat. Heat from a luminous source is generally composed 
of both luminous and obscure rays. (§ 652.) 

553. Selective Absorption. — The power of any 
given substance to transmit heat varies with the nature of 
the heat or of its source. For example, glass, water or 
alum allows the sun's luminous heat rays to pass, while 
absorbing nearly all of the heat rays from a vessel filled 
with boiling water. In other words, these substances are 
diathermanous for luminous rays, but athermanous for 
obscure rays. The physical difference between luminous 
and obscure heat rays will subsequently be explained. 

(a.) A solution of iodine in carbon bi-snlphide transmits obscure 
rays but absorbs luminous rays. By means of these substances, 
liuninous and obscure rays may be sifted or separated from each 
other. I>ry air is highly diathermanous ; watery vapor is highly 
athermanous for obscure rays. 
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554. Reflection of Heat.— When radiaat beat 
&ll8 apon an athermaaous body, part of it is generally 
absorbed and raises the temperature of the body. The 
rest is reflected, the energy still existing in the ether waves. 
The angle of incidence equals the angle of Tefiec- 
tion (§ 97). 



Fig. a6a. 

(a.) In Fl^. 363, tha Morce of heat at ^ is ft Leslie's eabe filled with 
hot water. 8 la *a athermanona Bcreen with an aperture for ^e 
passage of mjs from A to the reflector S, The line CB ia per- 
peDdicnlar to the reflector. When S, the bolb of the difierantial 
thermometor, is placed bo that the angle ABO eqnala the Kogle 
DBC, the reflected ra^a wiU strike the bulb and raise the temper- 

555. Reflection by Concave Mirrors. — By the 

nae of apberical or parabolic mirrors, rem^kable heating 
effects may be prodaced. When parallel raya (like the 
aun'a rays) strike directly npon such a mirror, they are 
reflected to a foens. Any easily combuatible Bnbatance 
held at the focna may be thus ignited. 

(a.) Two such mirrors maj be placed as shown in Fig. 368. At 
the focus of one reflector place a hot iron ball ; at the focna of tlie 
other, a bit of phosphorus or gun-cotton. If the apparatus be 
•TTADged with exactneas, the combuatible will be quickly Ignited. 
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Fig. 263. 

BepUce the iron ball with a Leslie's cabe motainiug hot water ; 
at the focus of the other reflector place one bulb of the differential 
thermometer. The rise of temperature at this focus will be dearlf 
shown, etien vAen tht ether bulb u nearer the louree of heal than the 

556. Befi-action of Heat.— When rays of heat 
fall obliquely apon a diathermaDoiiB body, they will be 
bent from a straight line oq entering and leaving the body. 
This bending of the ray is called refraction. Many 
rays of heat may tbas be concentrated at a focns, as in the 
caae of a common buming-glasa. By the aid of a spectacle- 
glass, the sun's rays may be made to ignite easily combus- 
tible substances. The refraction of obscure rays cannot 
be shown by a glass lens, since glass is athermanous for 
snch rays. Bnt if a rock-salt lens be held before a source 
of obscure heat, and the face of a thermopile placed at 
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the focus of the lens^ the galvanometer needle will at once 
turn a^ide^ showing a rise of temperature. If the face of 
the pile be placed anywhere else than at the focus^ there 
will be no such deflection of the needle. 

557. Change of Radiant into Sensible Heat. 

— Of all the rays falling upon any substance, only those 
that are absorbed are of effect in heating the body upon 
which they fall. The motion of the ether waves may be 
changed into vibrations of molecules of ordinary matter, 
and thus produce sensible heat, but the same energy can- 
not exist in waves of ether and in ordinary molecular 
vibrations at the same time. 

{a.) Phosphorus or gun-cotton may be ignited by solar rays ak 
the f ocns of a lens made of clear ice. The heat rays pass through 
the ice without melting it. It is only when the radiation is stopped 
that the energy of the ray can warm anything. 

558. Determination <ft' Absorbing, Reflecting and 
Radiating Powers.— For experiments in determining the 
absorbing, reflecting and radiating powers of solids, the apparatus 
generally used consists of a Leslie's cube, concave mirrors of 
different materials, and a differential thermometer or a thermopile. 
The Leslie's cube is a box about three inches on each edge, the 
sides being made of, or covered with, different materials, to show 
their differences in radiating power. The cube filled with hot water 
is placed before the reflector, and a bulb of the thermometer is 
placed at the focus. By turning different faces of the cube toward 
the mirror, the relative radiating powers are determined. By using 
different mirrors, the reflecting powers are determined. By coating 
the bulb with different substances, their absorbing powers are 
determined. The relative radiating powers of several common 
substances are as given below : 



Lampblack 100 

Paper 98 

Crown glass 90 



Tarnished lead. 46 

Mercury 20 

GK>ld, silver, copper 18 



559. Mutual Relations of Absorption, Re- 
flection and Radiation. — By means like those men- 
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tioned in the last paragraph, it has been shown that 
good absorbents are good radiators and poor re- 
flectors, and vice versa ; that the radiating power of a 
body depends largely upon the nature of its surface ; that 
smoothing and polishing the surface increases reflecting 
power, and diminishes absorbing and radiating power; 
that roughening and tarnishing the surfece increases the 
absorbing and radiating powers, and diminishes the re- 
fleeting power. The -powers of absorption and radi- 
ation go hand in hand. (§§ 654, 655.) 

(a.) Make a thick paint of a teaspoonf ul of lampblack and a 
little kerosene oiL With this, paint the right-hand face of the 
left-hand bulb (tin can of the differential thermometer described in 
Appendix M). Provide another oyster can and paint one side with 
the lampblack. FiU this third can with boiling water and place 
it on the wooden strips, midway between the two tin bulbs, the 
two blackened surfaces facing each other. The heat radiated and 
absorbed by the two blackened surfaces will exceed the heat radi- 
ated and absorbed by the two equal unpainted surfaces that face 
each other. The movement of the colored alcohol in the tube will 
show this to be true. 

660. Sympathetic Vibrations.— vThe relation 
between radiation and absorption of heat is closely analo- 
gous to the relation between the radiation and absorption 
of sonnd. If a set of sound waves fall upon a string 
capable of producing similar waves, the string is set in 
motion and the sound waves weakened (§ 443). When 
ether waves of a given kind fall upon a body whose mole- 
cules are able to vibrate at the same rate, and thus to 
reproduce similar waves, the kinetic energy is transferred 
from the ether to the molecules, the molecules are heated, 
the radiant energy dbsorbed. This ability to absorb wave 
motion of any particular kind, implies the ability to repro- 
duce the same kind of waves. It therefore is easily seen 
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that a body that can absorb any parttcular hind 
of heat rays can ra^diate the same kind. 

Note. — It will be seen further on, that obscure heat rays differ • 
from light ofdy in the mcUter of waw length. Most of the phenomena 
of one may be shown to pertain to the other. Absorption, radiation, 
reflection, transmission and refraction of rays follow the same laws, 
whether the agent be called heat or light. Other phenomena, such 
as interference and polarization, more satisfactorily studied with 
luminous rays, have been produced with obscure rays. It should 
be borne in mind that the most delicate instruments yet made are 
far less sensitive to obscure heat than is the eye to light. A 'candle 
flame may be seen a mile away ; any one might well be pleased with 
an instrument that would detect its heat at the distance of a rod. 

Questions. 

1. Good conductors feel warmer or cooler to the touch than poor 
conductors of the same temperature. Why ? 

2. Why is it so oppressively warm when the sun shines after a 
summer shower ? 

3. Why is there greater probability of frost on a clear than on 
a cloudy night ? • 

4. Can a good absorbent be a good reflector of heat % Is a good 
absorbent a good radiator, or otherwise ? 

5. Explain why the glass covering of a hot-bed or conservatory 
renders the confined air warmer than the atmosphere outside. 

6. From your own experience, decide which is the better con- 
ductor of heat, linen or woolen goods, oil-cloth or carpet. 

7. Why are the double walls of ice-houses filled with sawdust ? 
Why do fire-proof safes have double walls inclosing plaster-of- 
Paris or alum ? 

8. Why do furnace men, firemen and harvesters wear ovoolen 
clothing % Explain the use of double windows. 

9. How may heat be diffused ? How is the surface of the earth 
and how Is the atmosphere heated ? Can you boil water in a vessel 
with heat applied from above ? Why? 

Recapitulation. — Iii this section we have considered 
Conduction; the conductivity of Fluids; Con- 
vection; the Luminiferous Ether, its Den- 
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sity and Elasticity; Radiant Heat, and Ra- 
diation; Diathermancy; Selective Absorp- 
tion ; Reflection from plane and concave surfaces ; 
Refraction ; the Change from radiant into sensible 
heat; the determination of Absorbing, Reflecting 
and Radiating Powers, and their Mutual Re- 
lations ; Sympathetic Vibrations. 



^Sec tion v. 

THERMODYNAMICS. 

661. Definition of Thermodynamics.— 2%er- 

modynamics is the branch of science that considers 
the connection between heat and mechanical work. 
It has especial reference to the numerical relation between 
the quantity of heat used and the quantity of work done. 

502. Correlation of Heat and Mechanical Enerpry. 

— ^We know that heat \b not a form of matter because it can he 
treated in any desired qtuintity. We must continuallj remember 
that it is a form of energy. When heat is produced some other 
kind of energy must be destroyed. Conversely, when heat is de- 
stroyed, some other form of energy is created. Considered as heat 
merely, this agent may be annihilated; considered as energy, it 
may only be transformed. The most important transformations of 
energy are those between heat and mechanical energy. The process 
of working these transformations will be considered directly. It is 
to bo noticed, however, that while we may be able to effect a total 
conversion of mechanical energy into heat, we are not able to bring 
about a total conversion of heat into mechanical energy. 

563. Heat fipom Percussion. — A small iron rod 
placed npon an anvil may be heated to redness by repeated 
blows of a hammer. The energy of the moving mass is 
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broken up, so to speak, and distribated among the mole- 
eales, producing that form of molecular motion that we call 

heat The same transformation was 
illustrated in the kindling of a fire by 
the "flint and steel '* of a century ago. 
It may be experimentally illustrated 
by the "air-syringe.** 

(a.) The air-syTinge consists of a cylinder 
of metal or glass and an accurately fitting 
piston. By suddenly driving in the piston, 
the air is compressed and heat developed. 
A bit of gnn cotton previously placed in 
the cylinder may thus be ignited. If the 
cylinder be made of glass, and a bit of ordi- 
nary cotton dipped in sulphuric ether be 
used, repeated flashes of light may be pro* 
duced by successive combustions of ether 
vapor. The fumes of one combustion 
must be blown away before the next com- 
bustion is attempted. 

564, Heat from Friction.— 

Common matches are ignited and cold 
hands warmed by the heat developed 
by friction. It is said that some savages kindle fires 
by skilfully rubbing together well-chosen pieces of wood. 
In the case of the axles of railway cars and ordinary car- 
iiages, this conversion of mechanical energy into heat is 
not so difficult as its prevention. Lubricants are used to 
diminish the friction and prevent the waste of energy due 
to the undesirable transformation. A railway train is 
really stopped by the conversion of its motion into heat. 
When this has to be done quickly, the change is hastened 
by increasing the friction by means of the brakes. Ex^ 
amples of this change are matters of every day experience. 




Fig. 264. 
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(a.) Attoch a bnsB tabe 10 cm. long, about 3 «m. in diameter and 
cloeed at the bottom, to a whirling table. Parti; fill tlie tube with 
. cold water and corh the open end. PresH the tube between two 
pieces of board hinged together as shown in the figure. The boards 



Fig. 2Gs- 
Bhould have two grooTOa for the reception of the tube ; the inner 
faces of the boards may be covered with leather. When the machine 
is sot in motion the friction warma and soon 60& (/le vtater. The 
steam drives out the cork with explosive vioience. 

665. First Law of Thermodynamtcs.— F%en. 

heat is transformed into mechanical energy or 
mechanical energy into heat, the quantity of heat 
equals the quantity of mechanical energy, Thia 
principle is the corner-stone of thermodynamics. It is 
a particular case nnder the more general law of the Oon- 
lOf I 



566. Joule's Equivalent. — It is a matter of great 
t importance to determine the numerical relation between 
heat and mechanical energy ; to find the equivalent of a 
heat unit in units of work. This equivalent was first 
ascertained by -Dr. Joule, of Manchester, England. HJa 
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experiments were equal in number and yariety to the im- 
portance of the snbjeet. He showed that the mechanical 
value of a heat unit is 772 foot-pounds, referring to 
the Fahrenheit degree; 1390 foot-pounds refer- 
ring to the centigrade degree. This is expressed by 
saying that the '^mechanical equivalent'* of heat is 772 or 
1390 foot-pounds. (§ 5U \a\.) 

(a.) A change in the nnit of weight will not affect these nmnbera, 
uihich must not he forgotten. If the heat nnit be " kilogram-Fahren- 
heit/' the equivalent will be 772 foot-kilograms ; if the thermal unit 
be " gram-centigTade/' the equivalent will be 1390 foot-grams. A 
change in the nnit of length will work a change in the number 
representing the equivalent. If the equivalent for a "kilogram- 
centigrade " heat unit be desired in kilogrammeters instead of foot- 
kilograms, the number 1390 must be divided by the ratio between 
the values of a foot and a meter, becoming thus J^4 kilogrammeters, 

567. The Use of Joule's Equivalent.— The 

use of the mechanical equivalent of heat znay be well shown 
by the solution of a problem. 

{a.) If a cannon-baU weighing 192.96 pounds and moving with a 
velocity of 2000 feet per second, be suddenly stopped and all of its 
kinetic energy converted into heat, to what temperature would it 
warm 100 pounds of ice-cold water? 

ir- ♦• ^^ 192.96x4000000 ^ooAnnnA*^* a 

Kinetic energy = — — = oT^ = 12000000 foot-pounds. 

12000000 ^ 772 = 15644 + heat units. 

15544 -i- 100 = 155.44 heat units for each pound of water. This 
would raise the temperature 155.44° F., leaving it at 187.44'' F. Ans, 

(6.) Knowing the weight of the earth and its orbital velocity, we 
may easily compute the amount of heat that would be developed by 
the impact of the earth against a target strong enough to stop its 
motion. The heat thus generated from the kinetic energy of the 
earth would be sufficient to fuse if not vaporize it, equalling 
that derivable from the combustion of fourteen globes of coal 
each equal to the earth in size. After the stoppage of its orbital 
motion it would surely be drawn to the sun with continually 
increasing velocity. The heat instantaneously developed from 
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this impact of the planetary projectile would equal that derivable 
from the combustion of 5600 globes of coal each equal to the eaj-th 
in size. This is the measure of the potential energy of the earth 
considered as a mass separated from the sun. 






L^68. Chemical Affinity.— We have already seen 
that there are forces in nature compared with which the 
force of gravity is insignificant. (Read carefully the first 
paragraph in this chapter.) When coal is burned, the 
carbon and oxygen particles rush together with tremendous 
violence, energy of position being converted into energy of 
motion. The molecular motions produced by this clashing 
of particles constitute heat and have a mechanical value. 

569. Heating Powers. — ^If a pound of carbon be 
burned, the heat of the combustion would raise about 
8000 pounds of water 1^ C. In like manner, the combus- 
tion of a pound of hydrogen would yield about 34000 heat 
units (pound-centigrade). 

{a.) The following table shows the heating powers of several 
substances when burned in oxygen : 

Alcohol (CjHeO) 6,850 

Phosphorus 5,747 

Carbon protoxide (CO) 2,403 

Sulphur 2,220 

(d.) The calorific powers mentioned above may be adapted to Fah- 
renheit degrees by multiplying them respectively by f. As they 
stand, the numbers represent the number of times its own weight 
of water that could be wanned 1° C. by burning the substance in 
oxygen. 

570. The Steam-Engine.— The steam-engine is a 
machine for utilizing the tension of steam. Its essential 
parts are a boiler for the generation of steam, and a cylinder 
for the application of the tension to a piston. 



Hydrogen 34,462 

Marsh gas (CH J 13,063 

\. Petroleum. 12,300 

!i^ Carbon.. 8,080 
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(a.) Ab in the cam of water-power the pradnction of mc^hajilcal 
klneUc eaeigj iDTcdvea the fall of watet from a higher tk> a lowei 
lerel, so in the case of gteam-power the production of viwble 
eaergj involves the fall of heat f nnn a higher to a lower temper- 
ature. 

571. Sii^le-Actiup Engine. — In a tingle-acting st«>uii- 
engine, the piaton is poshed one wh; b; the tension of the steam. 
The steam is then cODdeneed and the piaton driven back bj atmoa- 
pheiic pressure. Such engines have gone out of use and have only 
an historical interest. 

572. Double •Acting' Engjne. — In a dooble- 
Bcting steam-engine, the steam is admitted to the cylinder 
alternately above and below the pistoD. This alternate 
admission of the steam is accomplished by means of a 
sliding-valTe. The aliding-xalve is placed in a ateam-cbest, 
8, which is fastened to the side of the cylinder C. 



Fig. 266. 

{a.) In the figure, the ateam-chest is represented aa being placed 
at a diatonce from the cjhnder; this is merely for the purpose 
of making plain the communicating passages to and from the 
chest. Steam from the boiler enters at M, passes through AUtGa 
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Fig. 267. 

Cflindar, where It pnsliee down the piston as Indicated hy the 
sTTowa. The Bteam below the piiiton escapes h7 B and 2f. As the 
piston neans the opening of £ in the cylinder, the eliding-Talve is 
laised, by meuifl of the rod £, to the position Indicated In ¥%g. 
267. Steam now enters the cylinder hyB and pushes tip the piston. 
The steam above the piston escapes I17 A and If, As the piston 
neais the opening of ^ in the cylinder, the sliding-valve is poshed 
down by B and the process is thns repeated. The piaton-iod and 
the sUding-Talre rod work through steam-tight packing-boiee. 

573. The Eccentric. — By means of a crank or 
similar device, illastrated in common foot-power macbineiy 
like the tnming-lathe, scpoU-eaw, or sewing-machine, the 
alternating rectilinear motion of the piston-rod is changed 
into s cotitiniiona rotary motion. A circular shaft is thns 
given a revolution for every to-and-fro movement of the 
piston. This shaft generally carries an eccentrio for work- 
ing the eliding-valve rod B. The eccentrio (Fig. 868) con- 
sists of a circular piece of metal, e, rigidly attached to the 
shaft of the engine S, in snch a position that the centre of 
the piece does not coincide with the centre of the shaft. 
16 
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The eccentric tuniB within a collar, which is fasteoed to 
the frame T. _ Every turn of the ehait moves the eccentric 
with itB collar and the frame 7', backward and forward into 
the two positions indicated by the full and dotted linee of 




Fig. 268. The point a may be fastened directly to the 
Bliding-Talve rod or tlirongh the Agency of the bent lever 
fAc, as the circumstances of the case render more desirable. 
574. The Governor and Fly-Wbeel.— The 
admission of steam through M (Fig. 267) is regulated by a 
throttle-valve worked by a governor (Fig. 369). A vertical 
shaft is given a rotary motion by the machinery. To the 
top of this rod are hinged two arms carrying heavy balls, hb. 
From these arms, supports extend to a 
collar, c, sorronnding the vertical rod. 
This collar is connected with a valve con- 
trolling the admission of steam to tbe 
I t valve-chest in such a way that when the 

collar rises tbe valve closes. As the 
machinery increases its speed, the balls 

revolve more rapidly about the vertical 
Fig. z6g. *^ ^ 

axis and tend to fly further apart (g 74). 

In doing so, they raise the collar and partly close the valve, 

diminishing the supply of steam. The machinery is thus 

made to slacken ita speed, the balls fall, and the vaJve opena 

The rapidity of motion can therefore be confined within 
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the limits due to closing the throttlc^valve and throwing 
it wide open. Further than this, smoothnese of motion is 
secured by attaching a heavy fly-wheel to the shaft of the 
engine. A little reflection will show that the fly-wheel 
also acts as an accumulaior of energy. 

575. The Safety-Valve.— The safety-valve is a 
necessary part of every steam-boiler. It consists of a 
valve, V, held down over an opening in the top of the 
boiler by means of a spring or a 

loaded lever of the second class. 

The force with which the valve 

is held down is to be lees than 

the strength of the boiler, i. e., 

the force most be snch that the Fig. 270. 

valve will open before the tension 

of the steam becomefl dangerous. On steamboats, the 

weight, W, is generally locixd in position by a Government 

officer. 

576. Non-Condensing: Engines.— When the 
steam is forced ont at If (Fig, 267), it has to overcome an 
atmospheric pressure of 15 pounds to the square inch. 
This must be deducted from the total tension of the steam 
to And the available power of the engine. Snob an engine 
is known as a non-condensing engine. It may be recog- 
nized by the escape of steam in puflk. It is generally a 
high-pressure engine. The railway locomotive is a high- 
pressure, non-condensing engine. 

577. Condensing Engines.— The steam may be 
conductedfrom the exhaust pipe ^(Fig. 267) to a chamber 
called a condenser. Steam from the cylinder and a jet of 
cold water being admitted at the same time, a vacuum is 
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formed and the loss of energy due to atmospheric pressure 
is avoided. Such an engine is known as a condensing, or 
low-pressure engine. 

(a.) Low-pressure engines are always condensing engines. Alow- 
pressoitT engine will do more work with a given amount of fuel 
than a high-pressure non-condensing engine will, is less liable to 
explosion, and causes less wear and tear to the machinery. But it 
must be larger, more complicated, more costly, and less portable. 

578. Heat and Work of Steam-Engrines.— 

More heat is carried to the cylinder of a steam-engine than 
is carried from it. The piston does work at every stroke, 
and this work comes from the heat that disappears. Every 
stroke of the piston annihilates heat. Careful experiments 
show that the heat destroyed and the work performed are 
in strict agreement with Joule's equivalent. With a given 
supply of fuel, the engine will give out less heat when it 
is made to work hard than when it runs without doing 
much work. 

Exercises. 

1. The mechanical equivalent of heat Is 1390 foot-pounds. What 
is it in kilogrammeters ? 

2. Find the weight of water that may be warmed IS*' C. by burn- 
ing 1 ounce of sulphur in oxygen. 

3. What weight of water would be heated from 0° C. to 1° C. by 
the combustion of one gram of phosphorus ? 

4 One gram of hydrogen is burned in oxygen. To what tempera- 
ture would a kilogram of water at 0"* C. be raised by the combustion ? 

5. From what height must a block of ice at 0° C. fall that the heat 
generated by its collision with the earth shall be Just able to melt it? 

6. From what height must it fall that the heat generated may be 
sufficient to vaporiEe it? 

7. To what height could a ton weight be msed by utilizing all the 
heat produced by burning 5 lbs. of pure carbon ? 

8. Find the height to which it could be raised if the coal had the 
f oUowing percentage composition : 

C= 88.43; J7= 5.61 ; = 6.97. 
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9. To wliat temperature would a cannon-ball weighing 150 lbs. 
and moving 1920 feet per sec., warm 2000 lbs. of water at 32'' F., if 
its motion were suddenly converted into heat ? 

10. (a.) How many pounds of water can be evaporated by 80 lbs. 
of pure carbon ? (5. ) If applied to iron, bow many pounds could be 
heated from 0" F. to 2000° F.? 

11. With what velodty must a 10-ton locomotive move to give 
a mechanical energy equivalent to the heat necessary to convert 
48 pounds of ice at 0° G. to steam at 100° G. ? 

12. An 8-lb. ball is shot vertically upward in a vacuum with a 
velocity of 2000 feet. How many pounds of water may be raised 
from the freezing to the boiling point by the heat generated when 
it strikes the earth on its descent ? 

13. (a.) From what height must water fall in order to raise its 
own temperature 1° G. by the destruction of the velocity acquired, 
supposing no other body to receive any of the heat thus generated? 
(Answer to be given in meters.) (5.) How far must mercury fall to 
produce the same effect ? (Specific heat of mercury = .0333.) 

14. With a velocity of how many em, per second must a leaden 
bullet strike a target that its temperature may be raised 100° G. by 
the collision, supposing all the energy of the motion to be spent in 
heating the buUet ? (Specific heat of lead=.0314; ^.=980^^. § 127.) 

15. A steam-engine raises a ton weight 386 ft. How many heat 
unitis are thus expended ? 

16. A 64-pound cannon-ball strikes a target with a velocity of 
1400 feet per second. Supposing all the heat generated to be given 
to 60 pounds of water, how many centigrade degrees would the 
temperature of the water be raised ? 

17. A cannon-ball weighing 7 poimds strikes an iron target with a' 
velocity of 1000 foet per second. Suppose the whole of the motion 
to be converted into heat and the heat uniformly distributed through 
70 pounds of the target^ determine the change of temperature thus 
produced. (Specific heat of iron = .1138.) 

18. The specific heat of tin is .0o6 and its latent heat is 25.6 Fah- 
renheit degrees. Find the mechanical equivalent of the amount of 
heat needed to heat 6 pounds of tin from 374° F. to its melting point 
442° F. and to melt it. 

19. A lead ball strikes a target with a velocity of 12(X) feet per 
second. Show that the heat generated would be sufficient to fuse 
the lead. (See § 497 and § 535. The latent heat of lead is 5.4'' G.) 

20. The mechanical equivalent of heat is 772 foot-pounds, refer- 
ence being made to the Fahrenheit degree. It is also given as 
424 kilogrammeters, reference being made to the centigrade degree. 
Show that the two values are approximately identical. 
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Recapitulation. — ^In this section we have considered 
the definition of Thermodynamics ; the Corre- 
lation of Heat and Mechanical Energy; 
heat from Percussion ; from Friction ; First 
LaAV of thermodynamics; Joule's Equivalent 
and its Use ; Chemical Affinity and the Heat- 
ing Po^vers of various substances ; the Single and 
Double-acting Steam-engines ; the Eccen- 
tric, Governor and Safety-valve ; Condens- 
ing and Non-condensing Engines ; the relation 
between Heat and Work in the steam-engine. 

Review Questions ais^d Exercises. 

1. Lead melts at 326° 0. In meltiDg it absorbs about as mucli 
heat as would warm 5.37 times its weight of water 1°C. What 
numbers will replace the 326 and 5.37 when the Fahrenheit scale is 
used? 

2. What is the difference between the temperatures —40° O. and 
-40° P. ? 

3. A quantity of fjfas at 100° O. and under a pressure of 750 mm. of 
mercury measures 4500 cu, em. What wiU be its volume at 200° G. 
and under a pressure of 76 em. of mercury ? 

4. Over how high a ridge can you carry water in a siphon, where 
the minimum range of the barometer is 27 inches ? Explain. 

5. {a.) What is Specific Gravity ? (&.) How do you find that of solids 
heavier than water ? (c.) What principle is involved in your method t 

6. (a) Of what physical force is lightning a manifestation ? (&) 
Give some plain directions for the construction of lightning-rods, 
with reasons for your directions. 

7. Give the fundamental principle of mechanics, and illustrate Its 
application by one of the mechanical powers. 

8. {a.) What are the essential properties of matter? (&.) What is a 
pendulum ; (c.) to what use is it principally applied, and {d.) what 
are the laws by which it is governed ? 

9. (a.) In what ways may two musical tones differ? (6.) What is 
the physical cause of the difference in each case ? 

10. {a.) Convert -3° F. and 77° P. into C. readings; (6.) 18° G 
and 20° G. to P. readings. 
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11. (a.) To what temperature should a liter of oxygen at 0° C. be 
raised in order to double its volume, the pressure remaining con- 
stant? (6.) Give reasons for jour answer. 

12. (a,) What is meant bj the boiling point of a liquid ? (b.) State 
some circumstances that cause it to vary. 

13. A kilogram each of wateir, iron and antimony, at 0*" C. are 
heated ten minutes by the same source of heat, and are then found 

to be 1° C, 9° C, and 30° C. respectively.. Required the specific heat \^ 
of each. >r^ 

14. (a.) Define latent heat. (5.) Describe a method of determining 
the latent heat of water, (c.) Describe the cooling and freezing of 
a lake. 

15. (a.) If 2 kilograms of water should be suddenly stopped after 
falling 212 metres, how much heat would be generated? (5.) 
Describe the essential parts of a steam-engine. 

16. (a.) How many cubic feet of water will be displaced by a boat 
weighing two tons ? (&.) How many of salt water of sp. gr. 1.09 ? 
|c.) How does a noise differ from a musical soimd ? 

17. The sp. gr. of alcohol is .8 ; that of mercury 13.6. When a 
mercury barometer indicates a pressure of 30 inches, what will be 
the height of an alcohol barometer colunm ? 

18. (a.) Describe the ordinary force-pump ; (b,) explain the use of 
its essential parts. 

19. (a.) Give the formulas for changing thermometric readings 
from F. to C, and viee versa. (&.)v Explain the graduation of two 
kinds of thermometers. («.) Define increment of velocity. 

20. (a.) What is distillation, and upon what fact does the process 
depend ? (&.) What is latent heat ? (c) Illustrate the conversion 
of sensible into latent heat, (d.) On what does the pitch of sound 
depend ? 

21. (a.) Define boiling and boiling-point. (&.) What is the rate of 
expansion for gases? (c.) Will water boil at a lower temperature 
at the sea level or on the top of a mountain ? Why ? (d.) What 
constitutes the timbre of a sound ? {e.) Give the formulas for the 
wheel and axle. 

22. (a.) If the pressure remain the same, how much will 546 cu. em. 
of hydrogen expand when heated from 0° C. to 10° C. ? (6.) How 
much work may be performed by a ball weighing 64.32 lbs., moving 
with a velocity of 50 ft. per second? (c.) When has water the 
greatest density ? 

23. Show that to raise the temperature of a pound of iron from 
0° C. to 100° G. requires more energy than to raise seven tons of iron 
a foot high. 
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ECTION I. 



THE NATURE, VELOCITY AND INTENSITY 

OF LIGHT. 

679. What is Jjight?— Light is that mode of 
motion which is capable of affecting the optic 
nerve. The only physical difference between light 
and radiant heat is one of wave length. 

(a.) We have seen that the yibrations of air particles in a sound 
wave are to and fro in the line of propagation. In the case oi 
radiant heat and light, the ether particles vibrate to and fro across 
the line of propagation. Vibrations in a sound wave are UmgUtuU' 
nal; those of a heat or light wave are transveraai, 

580. Luminous and Non-Luminous Bodies. 

— Bodies that emit light of 'their own generating, as the 
snn or a candle^ are called luminous. Bodies that merely 
diffuse the light that they receive from other bodies are 
said to be non-luminous or illuminated. Trees and plants 
are non-luminous. 

(a.) Virible bodies may be luminous or illuminated, but in either 
case they send light in every direction from every point in their 
surfaces. In Big. 271 we see represented a few of the infinite 
number of Unes of light starting from A, B and G, three of the 
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Infinite nnmlier of points In tb« surface of a vialble object. If fie 
infinite number of linn awe drawn from taeh of the iafiaiU number 
<^ poinlt, tbere woald be no vacant spaces in 
tbe figure ; tbe rafs reall7 interewt at orerT' 
point from wbich tbe object is risible. 

581. Transparent, Translu- 
cent aud Opaque Bodies.— Bodies 

are transparent, traDslucent or opaque 
according to the d^pree of fireedom which "'' '■''■ 

- they aSbrd to tbe paasoge of the InmiDiferons waves. 
Transparent bodies allow objects to be seen distincti; 
tbrongh them, e. g., air, glass and water. Tranalncent 
bodies transmit light, bat do not allow bodies to be sees 
distinctly tbrongh them, e. g., ground glass and oiled paper. 
Opaque bodies cut off the light entirely and prevent 
objects from being seen through them at all. The light 
is either reflected or absorbed. So mneb of the radiant 
energy as is neither reflected nor traoBmitted ia changed 
to absorbed heat 

583. Lumlnons Rays,— A single line of light is 
called a rny. The ray of Ught is perpendicular to tbe 
wave of ether. The ray may, without considerable error, 
he deemed tbe path of the wave. 

583. liUminous Beams and Pencils.- A col- 
lecfion of parallel rays constitntes a beam ; a cone of rays 
constitntes a pencil The pencil may be coaverging or 
direiging. K a beam or pencil should dwindle in thick* 
nesfl to a line, it would become a ray. 

584. Rectilinear Ttlotion of Light.- A medium 
is homogeneous when it has an uniform composition aud 
density. In a homogeneous medium, Ught travels 
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in straight lines. This is a fact of iocalcnlable Ecieo- 
tific and otherwise practical importance. 

(a.) The fnwillinf experiment of "t&kiog Nght" depends apOD 
this f&ct, tot we see objects bj the li^ht which thej send to the eye. 
We cannot Bee arouna a comer or thiongb a crooked tabs. A beam 
of light that enters a darkened room \>y a small aperture, marks ao 
illuminated course that is perfectly straight. 

((,) This fact maj be iUostrated by providing two or three per- 
forated screens and arraDging them as shown in Fig. 273, so that 
the holes and a candle flame shall be in the same stnJght Une. 



When the efe is placed in this line behind the screens, light passes 
from the flame to the eye ; the flame is visible. A slight displace- 
ment upward, downward or sidewise of the eye, the flame or any 
screen, cuts off the light and renders the flame invisible. 

(c) Prepare a piece of wood, IJ x 3^ x 18 inches, taking care that 
the edges are aqnare. Saw it into sii pieces, each three inches long. 
Prepare three pieces of wood, S >; 4 x J inches. Place three postal 
cards one over the other on a board, and pierce them with a fine 
awl or stout needle, \ inch from the end and IJ^ Inch from either 
^e of the card. With a sharp knife pare off the rough edges of 
the holes, and pass the needle throogh each hole to make the edges 
smooth and even. Over the ^ x 8 inch surface of one of the blacks 
place the unperforeted end of one of the postal cards, and over this 
place one of the 3 x 4 inch pieces, so that th^ lower edges shall be 
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even. Tack them in this poedtion. Make thus two more similar 
screens. The three screens, with a bit of candle three inches long, 
placed upon one of the remaining blocks, famishes the material 
for the experiment above. Save the screens and three blocks for 
future use. (See Fig. 280.) 

585. Inverted Iiuages.->If light from a highly- 
illaminated body be admitted to a darkened room through 
a small hole in the shutter and there received upon a white 
screen, it will form an invert^ image of the object upon 
the screen. Every visible 
point of the illuminaiked 
object sends a ray of light 
to the screen. Each ray 

FiC 2*71 

brings the color of the 

point which sends it and prints the color upon the screen. 
As the rays are straight lines, they cross at the aperture; 
hence, the inversion of the image. The image will be dis- 
torted unless the screen be perpendicular to the rays. 
The darkened room constitutes a camera oiscura. The 
image of the school playground at recess is very inter- 
esting and easily produced. 

{a.) Place a lighted candle about a meter from a white screen in a 
darkened room. (The wall of the room will answer for the screen.) 
Pierce a large pin-hole in a card, and hold it between the flame and 
the screen. An inverted image of the flame will be found upon the 
screen. 

(&) Bore an iuch hole in one side of a wooden box ; cover this 
opening with tinfoil, and prick the tinfoil' with a needle. Place a 
lighted candle within the box ; close the box with a lid or a shawl, 
and hold a paper screen before the hole in the tinfoil. Move the 
screen backward and forward, and notice that in any position the 
size of the object is to the size of the image as the distance from 
the aperture to the object is to the distance from the aperture to the 
image. 

(c.) Cover one end of a tube, 10 or 12 em, long, with tinfoil ; the 
other end with oiled paper. Prick a pin-hole in the tinfoil and turn 
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it towud k candle flam& Th« inverted image may be seen npm 
the (died paper. The die of the image will depend npon the dis- 
tance of Uie flame from the apertorv. The appMratoa rodelf r^re- 
■ents the eye, the pin-hole coReeponding to the pupil and the oiled 
paper to the retina, (AhuMt taj housekeeper will give 70a an 
emptjr tin can. Place it npon a hot stove jost long- euongh to melt 
oS one end, thmst a stoat nail thiongh the centre of the odier 
end, cover the nail hole with tinfoil, and yon will have the graatw 
part of the apparatus.) /? 

586. Shadows. — Since rays »f tight are atrai^i, 
opoqne bodies cast shadows. A shadow is the dark- 
ened space behind an opaque body from which aU 
rays of light are cut off. It is sometimes called the 
perfect shadow or the umbra. If the eonrce of light be a 
point, the shadow will be well defined ; if it be a snrbce, 
the shadow will be surronnded by an imperfect Bhadow 
called a penumbra. The penambra is the darkened 
space behind an opaque body from which some of the 
rays (the rays from a part of the Inmtuotis snr&ce) are 
catoS. 



Fig. 374. 

(a.) Hold a lead pendl between the flame of an ordinal^ lamp and 
a sheet of paper held aboat two feet (61 em.) from the lamp ; (1.) 
When the edge of the flame is toward the penril ; (3.) When the 
tide of the flame is toward the pencil. 
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(5.) Describe tlie sliadow cast by a sphere aitd a loiiiinoas i>oiiit. 
B7 a sphere and a luminous globe of equal size. Bj a sphere and 
a luminous globe of .greater size, e, g., the earth's shadow. A solar 
eclipse takes place whenever the eye of the observer is in the 
shadow of the moon. Figure the shadow of the moon. Where 
must the observer be to see a total eclipse of the sun ? To see an 
ordinary eclipse (when the raa appears orescent-shaped) t To see 
an annular eclipse ? ' J^ jO ^ 

58*7. Visual Angle. — The angle included be- 
tween two rays of light coming from the extrem- 
ities of an object to the cent7*e of the eye is called 
the visual angle. This angle measures the apparent 
length of the line that subtends it. Any cause that 
increases the visual angle of an object increases its appa- 
rent size. Hence the effect of magnifying-glasses. From 




Fig. 275 we see that equal lines may subtend different 
visual angles, or that different lines may subtend the same 
angle. 

588. Velocity of Liglit,— Light traverses the ether 
with a velocity of about 186^000 miles or about 298 mil- 
lion meters per second. This was first determined about 
200 years ago by Boemer, a Danish astronomer. 

(a.) At equal intervals of 42h. 28m. 86s., the nearest of Jupiter's 
satellites passes within his shadow and is thus eclipsed. This phe- 
nomenon would be seen from the earth at equal intervals if light 
toaveled instantaneously from planet to planet. Roemer found 
that when the earth was farthest from Jupiter the eclipse was seen 
16 min. 36 sec. later than when the earth was nearest Jupiter. But 
Jupiter and the earth are nearest each other when thej are on the 
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nme eide of tbe ann and in t, stnight line nith the bdh (conjnne- 
aoo), and fuiheBt from each other when they are on oppocdte 
•Idea of the nin and In a stnlgbt line with that Inminiirf (oppod' 
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U(id). ' Hence, Boemer argned that it requires 16 min. 86 sec. for 
light to pass over the diameter of the earth's orhit, frran Eia B'. 
This distance being approximately known, the velocity of light ia 
easily computed. 

Q).) The Telocity of light has been m«aenred by other means, 
giving r«snlt8 that agree sahstantiaUy with the result above ^ven. 
When Bstronomera accniately determine the mean distance of the 
earth fhnn the sun, the velocity of light will be accorat«ly known. 

(e.), It would require more than 17 years for a cannon-ball to pass 
over the distance between the son and the earth ; light makes the 
journey in 8 min. 18 sec. For the swiftest bird to pass aroond the 
earth would require three weeks of continual flight ; light goes as 
far in leas than one seventh of a second. For terrestrial distances, 
the passage of light is practically instantaneous (§ 435). 

589. Effect of Distance upon Intensity.— 

The intensity of light received by an iUmninated 
body varies inversely as the square of its distance 
from the source of light, 

(a.) Let a candle at 18 be the source of light ; A, a screen one foot 
square and a yard from 8; B, t screen two feet square two yards 
from S; C, a screen three feet square three yards from 8. It 
will easily be seen that A will cut off all the light from B and C. 
If now A be removed, the quantity of light which it received, no 
more and uo less, will fall upon B. If now B be removed, the 
qnantitf of light which previously illuminated A and B will fall 
upon C' We thus see the same number of rays snoceMlvely lUn- 
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square foot at C will T«ceive 
one -ninth aa manjr rajs as 
one sqaue foot at A. The 
light being diffused over s 
greater aurface 1b corres- 
pondinglj diminished in in- 

(b,) The experiment taxj 

be tried bjr placing the Urge 

screen at A and tracing the 

ontline of the ghadow with 

a pencil, then placing the 

Fig. 377, screen sncoeeeiveir at B and 

C, tracing the shadow each 

The experiment will be more satisfactory if a perforated 

1 be placed at A / , 



1. A coin la held 5 feot from a wall and parallel to it. A lumi- 
nouB point, IS inches from the coin, throws a shadow of it npon the 
wall. How does the eize of the sliadoir compare with that of the coin ? 

2. (a.) What is the Telocity of light ? (b.) How was it determined! 
8. (a.) How are the Intensities of two lights compared t (p.) De- 
fine light (e.) Qive your idea of the carrier of radiant heat and light. 

J. 4. {a.) Define laminoaa, transparent, opaque, beam and pendl. 

\ (£.) How conld you show that light ordinarily moves in straight 
lines ? (r.) Bxplaiu the formation of inverted images in a dark room. 
5, (a.) What are shadows 1 (b.) By figures, illustrate shadows 
when the intercepting body is greater, equal to and less than the 
lamiuous body, and explain, (e.) What Is the visual angle ! 

Itecarpitnlfttioil. — In this section we have congidered 
the Nature of Light ; Luminous, Illuminated. 
Transparent, Translucent and Opaque bcdies ; 
Rays, Beams and Pencils of light ; that Light 
Moves in Straight Lines; Inverted Images 
and Shadows; the Visual Angle; the Veloc- 
ity and Intensity of light 
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j^Section m. 

REFLECTION OF LIGHT. 

NoU.—TbK heliostot, or porte^umiire, ia composed of one oi 
more mirrore, by ineiinB of which a beam of light may he thrown 
in an; de^red direction. The inatrumeut may be had of apparatuB 
manufacfurers at prices rouging from |13 apward. IKrectioDH fot 
piahlng one may be found in Mayer &, Bamard'a little book on 
" Light," published bj D. Appleton & Co. It ie very desirable that 
the instnunent be eecured ia some way. 

590. Reflection. — If a sunbeam eater a darkened 
room b; a hole in the shutter, as at A, and fall npon a 



Fig. 378. 

polished plane surface, as at B, it will be continued in a 
different direction, as toward C. AS is called the incident 
beam and BO the reflected beam (§ 97). The incident 
and the reflected beams are in the same medium, the air. 
ti chan£e in the direction of li£ht without a chan£e 
in its medium is eaUed reflection of light. 

591. Laws of Reflection.— The refleotion of light 
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from poluhed sartaceB is in accordance with tho following 
laws: 

(1.) J^ angle of incidence is equal to the angle 
of Tefiection. 

(2.) The incident and reflected rays are both in 
the same plane, which is perpendictdar to the 
reflecting surface. 

{a.) mi k baaln to the brim with mercoiy or with water blackened 
with % little ink. In this Uqnld suspend by a thread & amall 
weight or greater specific gravity than the liquid used (§ 368), The 
plumb-line will be perpendicular to the liquid mirror. Let the 
plumb-line hang from the middle of a horizontal meter or jard- 



Btick. Place the tip of a candle flame oppoute one of the dividona 
of the stick, and place the eye in such a poeitioD that the image of 
the top of the flame will be seen In the direction of the foot of 
the plumb-line. Mark the point where the line of vision (t. e., the 
reflected tajs) CRwaes the meter-stick. It will be foand that this 
pcdnt and the tip of the fiame are eqnallj distant from the middle 
of the stick. From this it follows {Olnetf» Qe/metry, Art. 342) 
that the angles of inddence and of reflection are eqnsl. 

(6.) fig. 379 represents a vertical semidrcle graduated to degrees, 
with a background of black velvet. A mirror at the centre is 
furnished with an Index set perpendicular to its plane ; both mirror 
and index can be turned in any direction desired. A ray of light 
from any brilliant source is allowed to enter the tabe at the base, 
in the direction of the centre. By means of a little smoke from 
brown paper, the paths of the incident and reflected rays are easily 
shown to a large cIbbh, 
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(&) Plice two of thn Kreens and the tluee extra blocks men- 
tioned in g 584 in portion, as shown in Fig. 380. At the middle 
of the middle block place a bit of window glasa, punted on the 
Tindei ride with black TamiBh. On the blocks that <xtrj the acreens 
place bits of glass, n and o, of the same thickness as the black mir- 
ror on the middle block. Place a candle Qame near the hole in one 
of the Hcreeus, as shown in the figiue. Ijght from the candle will 
pass through A, be reflected at m, and pass through B. Flac« the 
eye in such a position that the spot of light in the mirror may 
be seen throagh B. Mark the exact spot in the mirror with a 
needle held in place by a bit of wax. Place a inece of stiff writing 
paper npright npen m and n, maik the podtlon of B and of m, 
and draw on the paper a stnught line jt^ing these two poiots. 
The angle between this line and tho lower edge of the paper 
coinddes with the angle Bmn. Bererse the paper, placing it npon 



tn and o. It will be fonnd that the same angle coincides with 
Amo. Ants and .Smn. b^ng thus equal, the angle of inddence 
equals the angle of reflection. 

592. Diffused Light.— Light falling upon an 
opaque body is generally divided into three parts : the 
first is regularly reflected in obedience to the laws aboye; 
the second is irregularly reflected or difibsed ; the third is 
absorbed. The irregular reflection ia due to ths iact that 
the bodies are not perfectly smooth, but present little pro- 
tnberanceg that scatter the light in all directions, and thus 
render them visible from any position. Light regularly 
reflected gives an image of the body from which it came 
before reflection ; light irregularly reflected gives on image 
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of the body that diffuses it A perfect n^irror would be 
invisible. Luminous bodies are visible on account 
of the light that they emit; non-luvfiinous bodies 
are visible on account of the light that they dif- 
fuse. 

(a.) If a beam of light fall upon a sheet of drawing paper, it 
wiU be scattered and illuminate a room. If it fall upon a mirror, 
nearly all of it will be reflected in a definite direction, and intensely 
illuminate a part of the room. Place side by side upon a board 
a piece of black cloth (not glossy), a piece of drawing paper and a 
piece of looking-^lass. In a darkened room, allow a beam of sun- 
light to fall npon the cloth, and notice the absorption. Let it fall 
upon the jtaper, ind notice the diffusion of the light and its effects. 
liCt it fall upon the looking-glass, and notice the regular reflection 
and its effects. Move the board so that the cloth, paper and glass 
diall pasii through the beam in quick succession, and notice the 
effects. 

(6.) In the darkened room place a tumbler of water upon a table ; 
with a hand-mirh)r reflect a sunbeam down into the water; the 
tumbler will be yisible. Stir a teaspoonf ul of milk into the water, 
and again reflect the sunbeam into the liquid ; the whole room will 
be illuminated by the diffused light, the tumbler of milky water 
like a luminotis bodjv- 




Invisibility of JAght.— Bays of light that 
not enter the eye are invisible. A sunbeam 
entering a darkened room is visible because the floating 
dust reflects some of the rays to the eye. If the reflecting 
particles of dust were absent the beam would be invisible. 

{a.) Take any cbnvenient box, about 00 cm. (^fi.) on each edge, 
provide for it a glass front, and, at each end, a glass window about 
10 cm. (4 inches) square. Place it on a table in a darkened room, 
and, with the heliostat, send a solar beam through the windows. 
Standing before the glass front of the box, this beam may be 
traced from the heliostat to the box, through the box and beyond 
it. Open the box^ smear the inner surfaces of its top, back and 
bottom with glycerine, and close the box air-tight. Allow it to 
remain quiet a few days ; the dust in the box will be caught by 
the glycerine and .the confined air thus freed from particles capable 
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of refloeting light Then send another solar heam from the helio- 
stat through the two windows of the bor. Standing as before, 
the beam maj be traced to the box and beyond it, bat within the 
bat all is dariueeii. 

594. Apparent Direction of Bodies.— Every 

point of s visible object sends a oone of rays to the eye. 
Tlie popil of the eye is the base of the cone. The point 
always appears at ihe place where these rays seem 
to intersect (t. e., at the real or apparent apex of the cone). 
If the raya pass in straight lines from the point to the eye, 
the apparent position of the point is ite real position. If 
these rays be bent by reflection, or in any other manner, 
the point will appear to he in the direction of 
the rays as they enter the eye. No matter how 
devious the path of the rays in coming from the point to 
the eye, this import^t rule holds good. 

595. Plane Tttirrors; Virtual Imi^res,— If an 

object be placed before a nunor, an image of it appears 
behind the mirror. In- 
asmuch as the rays of 
the cone mentioned in 
g 594 do not actually con- 
verge back of the mirror, 
there can be no real image 
there. As there really is 
no image behind the mir- 
ror, we call it a virtual 
imase. All virtual imsffes 
are optical illusions, and 

are to be clearly distinguished from the real images to be 

studied soon. Each point of this image ivtU seem. 

to he as far behind the mirror as the correspond' 
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ing point of the object is in front of the mirror, 
Hence^ images seen in stilly clear water are inverted.* 

(a.) In Fig. 2S1, let A represent a luminous point ; MM, a mirror ; 
AA' and BC, lines perpendicular to the mirror. Bays from A enter 
the eye at DZ^. The angle ABO = the angle CBB (§ 591). The 
angle -4^C= the angle J9^^' (Olney's Geometry, Art 160). ', There- 
fore the angle GBD - the angle BAA', The angle CBD = the angle 
BA^A {Olney, 152)/ Therefore the angle BAA' = the angle BAA. 
Hence AM= A'M {(Hnep, 287). In other words, ^' is as far behind 
the mirror as ^ is in front of it. 

(p.) Place a jar of water 10 or 15 cm, back of a pane of glass placed 
upright on a table in a dark room. Hold a lighted candle at the 
same distance in front of the glass, llie jar will be seen liy light 
transmitted through the glass. An image of the candle i^ill be 
formed by light reflected by the glass. The image of the candle 
will be seen in the jar, giving the appearance of a candle burning 
in water. The same effect may be produced in the evening by partly 
raising a window and holding the jar on the outside and the candle 
on the inside. 

596. Reflection of Bays from Plane Mir- 
rors* — If the incident rays be parallel, the reflected rays 
will be parallel. If the incident rays be diverging, the 
reflected rays will be diverging ; they will seem to diverge 
from a point as far behind the reflecting surface as their 
source is in front of that surface (See Fig. 281). If the 
incident rays be converging, the reflected rays will be con- 
verging ; they will converge at a point as far in front of 
the mirror as the point at which they were tending to 
converge is behind the mirror. 

597* Construction for the Image of a 
Plane Mirror. — The position of the image of an object 
may be determined by locating the images of several well- 
chosen points in the object and connecting these images. 

(a.) In Fig. 282, let AB represent an arrow ; Mlf", the reflecting 
Burface of a plane mirror, and E the eye of the observer. From 
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Fig. 282. 



A, draw Aa perpendicular to MN and make ad eqnal to Ad. Then 

will a indicate the position of the image 
of A. From B, draw Bh perpendicular 
to MN and make he equal to Be, Then 
will h indicate the position of the image 
of B, By connecting a and b we locate 
the image of AB. Draw aE, hE, Ao 
and Bi. AoE represents one ray of the 
cone of rays from A that enters the eye ; 
BiE represents one ray of a similar cone 
from B, Draw a similar figure on a 
larger scale, representing the eye at G, 

Test your figure hy seeing if the angle of incidence is equal to the 

angle of reflection. In all such constructions, represent the direction 

of the rays hy arro^-heads, as^own in Fig. 283. 

598. Multiple Images —By placing two mirrors 

facing each other, we may produce multiple images of 

an object placed between them. Each ima£e acts 

as a mateHaZ object ivith respect to the other 

mirror, in which we see an image of the first 

image. When the mirrors are placed so as to form an 

angle with each other, the number of images becomes 

limited/ being one less than the number of times that the 

included angle is contained in four 

right angles. The mirrors will give 

three images when placed at an angle 

of 90°; five at 60° ; seven at 45°. 
• 

{a.) When the mirrors are placed at right 
angles the object and the three images will 
he at the comers of a rectangle as shown at 
A, a, a' and a". 

' 599. Concave Mirrors.— A spherical concave 
"mirror may be considered as a small part of a spherical 

shell with its inner surface highly polished. Let MN (Fig. 

284) represent the section of such a concave spherical mir- 
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ror,aiid Cthecentreof tbecorrespondingBphere. (7iBcalled 

the centre of curvature; A is the centre of the mirror. A 

straight line of indefinite length drawn from A through 

C, mACX, ia called the principal axis of the mirror. A 

straight line drawn from anj other point of the mirror 

throngh C, 

JCd, is called a 

tecondary axis. 

The point F, 

midway between 

A and (7, ia „ . 

called iaQ prtn- 

cipal focus. The distance AF is the foci^ distance of the 

mirror ; the focal distance ia, therefore, one-half the radine. 

of cnrvature. The angle MCN is called the aperture of 

the mirror. 

(a.) A cnrred surface tOMj be conndeied as made np of ui infiuite 
nomber of snuJI plane eorf acea. Thus, a ray of UgM reflected from 
any point on a cwred mirror may be considered a* reflected from a 
pUne tangent to the cnrved surface at the point of reflecUon, This 
reflection -then takes place in accordance with the principles Itdd 
down In g 591. It shonid be borne in mind that the radii dmwn 
from C to points In the mirror as / and J are perpendicular to the 
mirror at these points. Thu, the angles of incidence and reflection 
for an; ray may be easily determined. 

600. Effect of Concave Mirrors.— 27^s ten- 
dency of a concave mirror is to increase the con- 
vergence or to decrease the divergence of incident 
rays. 

(a.) If the divergence be that of rays Issoing from the prindpal 
fccQS, the mirror will exactly overcome it and reflect them as par- 
allel rays. If the divergence be greater than this, viz., that of rays 
isBoiiig from a point nearer the mirror than the principal focns, the 
mirtar cannot wholly overcome the divergence, bat will diminish it. 
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The reflected rays will still diverge, but not so rapidly as the incident 
I rays. If the diveigence be less than that first mentioned, viz., that 

I of rays issuing from a point further from the mirror than the prin- 

' dpal focus, the divergence will be changed to convergence and a 

real focus will be formed. 

601. The Principal Focus. — The focus of a con- 
cave mirror is the point toward which the reflected rays 
converge. All incident rays parallel to the principal axis 
will^ after reflection, converge at the principal foca& The 
principaZ focus is the focus of rays parallel to the 
principal a^s. The rays will be practically parallel 
when their source is at a very great distance^ e. g., the sun's 
rays. Solar rays coming to the human eye do not diverge 
a thousandth of an inch in a thousand miles. 

(a.) Above we stated that parallel rays would be made to converge 
at the principal focus of a spherical concave mirror. This is only 
approximately true; it is strictly true in the case of a parabolic 
mirror. In order that the difference between the spherical and the 
parabolic mirror may be reduced to a minimum, the aperture of a 
spherical mirror must be smaU. The case is somewhat analogous 
to the coincidence of a circular arc of small amplitude with the 
cycloidal curve (§ 144, a). A source of light placed at the focus of 
a parabolic mirror will have its rays reflected in truly parallel lines. 
The head lights of railway locomotives are thus constructed. Para- 
bolic mirrors would be more common i^ it were not so difficult to 
make them accurately. ^ ^ ^-7 ^^ ^ ^ v 

603. Conjugate Foci.— Bays diverging from a 
luminous point in front of a concave spherical mirror and 
at a distance from the mirror greater than its focal distance, 
will converge, after reflection, at another point. The focus 
thus formed will be io a line drawn through the luminous 
point and the centre of curvature. In other words, if the 
luminous point lie in the principal axis, the focus will also ; 
if the luminous point lie in any secondary axis, the focus 
will lie in the same secondary axis. The distinction he- 
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tween principal and secondary axes is almost wholly one 
of convenience. Bays diverging from B will form a focns 
at b. The angle of incidence Ueing necesGarily equal to the 



Fig. aSs. 
angle of reflection, it is evident that rays diverging from b 
wonid form a focus at B. On acconnt of this relation 
between two snch points, they are called conjugate foci. 
Therefore, conjugate foci are two points so related 
tJiat each forms the image of the other. 

603. Constraction for CotUngate Foci. — In the case 

of concave mirrors, to locate the conjugate tociu of a Imninone 
point, it is necessarj to find the point at which at least two reflei^ed 
lajB r««ll7 or appsrentlf Intersect. The method maj be lUnstrated 
as follows : 



(1.) Let 8 (fig. 386) represent the lominoaB point whose con- 
jugate focus ia to he located. It may or may uot lie in the principal 
axis. Draw the axis for the point 8, i.t,, a line from 8 through G, 
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tlie centre of cnrratnre, to the mirror. This line represents one of 
the Infinite number of nys sent from 8 to the mirroi. As this 
incident n.j is perpendicular to the mirror, the reflected nj nill 
ndndde irith it. (Angles of Isddesce and of lefiection = 0.) The 
conjugate focus must therefore lie in a line drown through 8 &nd G. 
Dron s line representing some other r&7, as Bi, From i, the paint 
of Inddence, draw the dotted perpendicular iC. Construct the 
angle Oi* equal to the angle GiS. Then will t« represent the direc- 
tion of the reflected rajr. The focus must also lie in this line. The 
intersection of this line with the line drawn through 8C marks the 
position of (, the conjugate focus of 8. 

(S.) If the reflected rays be panllel, of course no focus can be 
formed. If the7 be divergent, produce them back of the mirror as 
dotted lines (Fig. 287) until thej intersect In this case the focus 
will be virtual, because the rajs only seem to meet. In the other 
cases the focus was real, because the rays actually did meet. 
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(8.) With a radius of 4 em. , describe ten arcs of small apertuM to 
represent the Bections of spherical concave mlrroni. Msfk t)ie 
centres of curvature and principal fod, and draw the prininpal 
axes. Find the conjugate fod for points in the principal aiis 
designated as follows : (1.) At a distance of 1 em. from the mirror. 

(3 ) Two em. from the mirror. (3.) Three em. from the mirror. 

(4) Four em. from the mirror. (5.) Six em. from the mirror. 
Make five similar canstmctiouB for points not in the prindpal axis. 
Notice that each effect is in consequence of the equalitj between 
the angle of incidence and the angle of reflection^ ' 

604. Formation of Images, — Concave mirrors 
give rise to two kinda of images, real and TirtuaL After 
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learning what has been said concerning conjugate, real and 
virtaal foci, the rormation of these images will be easily 
onderstood. Tbe image of an object is determined by 
finding tbe images of a number of points in the object. 

605. Construction for B«al Images Formed by 
Concave Mirrors.— (1) l^ie method ma; be illostrated as 
foUows : Let AB represent an object bi front of * concave mirror, 
at a distance greater than the radina of cuirature. Draw Ax, tbe 
Becoudaiy axis tor tbe pomt A. The conjugate focos of A will lie 
in this line (g 803 [I]), From the inBnite number of rays sent 
from A to the mirror, select, as tbe second, tbe one that la 
parallel to the principal axis. This ray, after reflection at t, will 
pBBB through tbe principal focus (g 601). The reflected rays.tFand 
xA (Becondar7 axis for A), will intersect at a, which is the con- 



Fig. 288. 

Jugate focns for A. In similar manner, b, the conjugate focus for 
B, rattj be found. Points between A and B will have their con- 
jugate toth. between a and b. 

(^.) If the eye of the observer be placed far enough back of the 
image thua formed for all of the image to lie between the eye and 
the mirror, it will rec^ve the same impression from the reflected 
rays as if tbe image were a real object. All of tbe raya from any 
point in the object, as A, that fall upon the mirror, inteniect after 
reflection at a, the conjugate focus. These reflected raya, after 
intersecting at a, form a divergent pencil. A cone of these rays 
thus diverging from a enters the eye. They originally diverged 
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Iram A, but m U«v enter the tge, ihty ctiveige tnaa a. Hence the 
effect produced (§ 6M). 

(8.) Prom the similu tri&ngle«, ABO utd abC, it U evident that 
the liaeai dimaiutois of the object wid of its image are directly 
ptoporUonal lo (htax diatances from the centre of curvature. It 
ma; also be proved that the length ot the o1?ject is to the length of 
the image as the distance of the object fiom the principal focus is 
to the focal distance of the minor, 

(4.) Since the lines that jiun coTieflpondlng points of object and 
image croes at the centre of curratare, the real images formed bj 
concave mirrors are always inverted. 



606. Prcjection of Real Images by Con- 
cave Mirrors. — ^The real imi^ formed by & concave 
mirror may be rendered visible even when the eye of the 
observerisnot iu the position mentioned in the last article, 
by projecting it npon a screen. In a darltened room, let a 
candle flame be placed in front of a concave mirror, at a 
distance from it greater than the focal distance. Incline 
the mirror bo that the flame shall not be on the principal 
axis, Place a pa})er sci^een at the conjugate focas of any 
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point in the luminous object The proper position for the 
screen may easily be found by trial. Shield the screen from 
the direct mya of the flame by a card painted black. The 
inverted image may be seen by a large class. If the image 
fall between the mirror and the candle, the screen should 
be quite small* 
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607; Hei^criptlon of Real tmagCs Formed 
by Con^ve Mirrors. — (1.) If the object be at the 
principal focus there will be no image. Why ? (You can 
find out by trying a construction for the image (§ 605). 
(2.) If the object be between the principal focus and the 
centre of curvature, the image will be beyond the centre, 
inverted and enlarged. The nearer the object is to the prin- 
cipal focus, the larger and the further removed the image 
will be. (3.) When the object is at the centre, the image 
is inverted, of the same size as the object and at the same 
distance from the mirror. (4) When the object is not 
very fer beyond the centre of curvature, the image will 
be inverted, smaller than the object, and between the 
centre and the principal focus. (5.) When the object is 
at a very great distance, all of the rays will be practically 
parallel ; there will be but one focus, and consequently no 
image. 

(a.) For each of these flye cases oonstmct the images. The third 
case may be prettily iUnstrated as follows : In front of the minor, 
at a distance equal to the radius of curvature, place a box that is 
open on the side toward the mirror. Within this box hang an 
inverted bouquet of bright-colored flowers. The eye of the observer 
is to be in the position mentioned in § 605 (2). By giving the mirror 
a certain inclination, easily determined by trial, an image of the 
invisible bouquet will be seen just above the box. A glass vase 
may be placed upon the box so that it may seem to hold the imaged 
flowers. 
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608, Construction for Virtual Im^fes formed Ity 
Concave Mirrors. — Let AB tepreseut aa object in front of a 
conckve mirror at b distance from it iess than the focal distance. 
Draw the sacondarj axes for the points A and B, and product them 
back of the mirror as dotted lines. From A and B, draw the inci- 
dent la^ Ao and Bi, parallel to the principal axis. After r^ection 
thej will pass through the principnt focus (§601.) Prodnce these 
rays badt of the mirror as dotted lines until the; Intersect the 
prolongations of the secondary axes at a and h, which will be the 
virtual conjugate fod for A and B. The conjugate fod for other 
points in AB will be between a and b. Therefore, it the abject be 
between tbe principal focus and the mirror, the image will be 
virtufd, erect and enlarged. 



/ Fig. aga 

609. Images of the Observer formed by a 
Concave Mirror. — A person at a considerable distance 
before a concaTe mirror, aees his image, real, inTerted and 
Bmaller than the object. As he approachee the centre of 
curvature, the im^ increases in dze. As the obserrer 
moves fW)m the centre to the principal focne, the image is 
formed back of him and is, therefore, invisible to him. As 
he moves from the principal focns toward the mirror, the 
image becomes virtual, erect and ma;^ified, but gradnally 
growing smaller. The eye will not always recognize real 
images as being in front of the mirror. It may some- 
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times be aided in this respect by extending the outspread 
fingers between the image and the mirror. 
/ 610. Convex Mirrors. — In contex mirrorB, the 
loci are all virtnal; the images are virtna], erect and 
smaller than their objects. The foci may be found and 
tiie images detennined by the means already eet forth. 
The constrnetioD is made sufficiently plain by Fig. 391. 



Note. — In coDstractioDB for cnired mirrors, we have choeen two 
parUcnlai rsTS for each foens Bought ; one peipendicalar to the 
minor, the other psnllel to the principal axis. This was oalj' for 
the sake of convenience. An^ two or more incident rajs might 
hare been taken and the direction of the reflected rays determined 
hy TuiaVlng the angle of reflection equal to the angle of luddcoce. I 

^i,_ Exercises. 

1. What most be the angle of incidence that the angle between 
the inrident and the reflected rays shall be a right angle ! 

3. The radios of a concave mirror is 18 inches. Determine the 
conjugate focus for a point on the principal axis, 13 incites from 
themlnpT. 

3. ((a.) ninstrate by a diagram the image of an object placed at the 
prinupal focus of a concave mirror; (6.) of one placed between 
that focus and the mirror ; (e.) of one placed between the foona and 
the centre of the mirror. 
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4. (a.) Wliat kind of minor alwiys makes the image analler than 
the objeefc? Q>.) What kind of a minor may make it larger or 
smaller, and aoeording to what drcnmstanoes ? 

5. Bays parallel to the prindpal axis fall upon a oonvex minor. 
Draw a diagram to show the ooorse of the reflected rajs. 

6. (a.) Why do images formed by a body of water, appear in- 
Terted? ; (5.) What is tlie general effect of ooncave mirrors upon 
incident rays? 

7. A person, placed at a considerable distance before a concave 
minor, sees his image, (a.) How does it appear to him t He ap- 
proaches the minor and the image changes. (&.) Describe the 
changes that take place nntil he sees a virtual image of himself. 

; &^ A man stands before an upright plane mirror and notices that 
ne cannot see a complete image of himself, (a.) Ck>uld he see a 
complete image by going nearer the mirror ¥ Why ? (&.) ^7 S^"^ 
fptherfiamit? Why! 

_^ 9. When the sun is 30° above the horiaon, its image is seen in a 
tranquil pooL What is the angle of reflection ? 
' 10. A person stands before a common looking-glass with the left 
efe shut. He covers the image of the closed eye with a wafer on 
the glass. Show that when, without chang^g his jKisition, he 
opens the left and closes the right eye, the wafer will still cover the 
image of the closed eye. 

11. The distance of an object from a convex mirror is equal to the 
radius of curvature. Show that the length of the image will be 
one-third that of the object. 

Recapitulation. — ^In this section we haye considered 
the Nature and Laws of Reflection; Dif- 
fused and Invisible light; the Apparent Direc- 
tion of bodies; Images fonned in Plane Mirrors 
and their Construction ; Concave Mirrors, 
their Effects, Principal and Conjugate Foci; 
Images fonned by them with their Construction, 
Projection and Description ; foci and images/ for 
Convex Mirrors. 
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REFRACTION OF LIGHT 

611. Preparatory, — So far, wo have considered only 
th&t part of the mcidcnt beam that is turned bact from 
the reflecting surfiice. As a general thing, a part of the 
beam entere the reflecting Bubstance, being rapidly absorbed 
Then the gnbatance is opaque and freely transmitted vhen 
the aubatance ia tranBparent. We have now to consider 
those rays that enter a transparent substance. 

(a.) Frocnre k cImt glass bottle with flat sides, abont 4 Inebefl 
{10 cm.) broad. On one side paBt« a piece of paper, In wMch a circii- 
lai hole has been cnt. On 
this clear drcolar space, 
draw two iok-marlui at 
right anises to each 
other, as shown In Wig. 
393. FlU the botUe with 
clear water np to the 
level of the horizontal 
Ink-mark. Hold H so 
that a horizontal sno' 
beam from the helloatat 
maf pass through the 
dear sides of the bottle 
above the water, and no- 
tice that the beam pBBBis 
through the bottle in a 
Btraight line, Balae the 
bottle so that the beam 
shall pass through the 
water, and notice that the 

beam Is aUll straight ''°- "9^. 

In a card, cut a silt aboat 

S em. long and 1 mm. wide. Place the card against the bottle as 
shown in the figure. Beflect the beam through this slit so tiiat It 
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ahall fall npon the Bnrface of the water at t, the IntenecUtm of the 
two ink-mukB. Notice that the reBected beam Is etndght until It 
reachM the water, bnt that It is bent as it obliqnelj entera tlie 

612. BeCraetion. — Refraction of light is the 
bending of a luminous Toy when it passes from 
one jnedium to another. 

613. Index of R«fractlon.— If a ray of light from 
£ (Fig. 293) fall upon the surface of water at A, it will be 
lolraotAd aa showii in the figure. The augle LAB is the 
angle of incidence and KAC the angle of refraction, BC 
being perpendicular to the water's surface. From ^ as a ' 

centre, with a radius equal to unity, 
describe a circle. From the points m 
and p, where this circle cots the inci- 
dent and refracted rays, draw mn and 
^5' perpendicular to £C. Then will 
. mn be the sine of the angle of incidence 
and^ the sine of the angle of refrac- 
tion, ITie quotient arising frojn 
dividing the sine of the angle of 
Incidence by the sine of the angle of refraction is 
called the index of refraction for the two media. 
It is evident that the greater the refractive power of the 
substance, the less the value of the divisor pq, and the 
greater the value of the quotient, the index of refra<j- 
tion. 

(a.) The following table ^ves the indices of refraction when llglit 
passes from a vacuum into any of the enlwtanceB named : 

Atr 1.000394 I Flint glass ;.. 1.675- 

Water 1.336 Carbon bisulphide 1.678 

Alcohol 1,374 Diamond 9.489 

down glass 1.584 | Lead cliromate S.(IT4 



Fig. 393. 
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The index of refraction for any two media may be found bj diyid- 
ing tbe absolute index of one, as given above, by the absolute index 
of the other. 

614. Laws of Refraction of Light. — (1.) 

When light passes perpendicularly from one me- 
dium to another it is not refracted, 

(2.) WTien light passes obliquely from a rarer to 
a denser w^ium it is refracted toward a line drawn, at 
the. point of incidence, perpendicular to the refracting 
surCace, or, more briefly, it is refracted^ toward the 
perpendicular. 

(3.) WTien light passes obliquely from a denser 
to a rarer medium^, it is refracted from the per- 
pendicular. 

(4.) The incident and refracted rays are in the same 
plane which is perpendicular to the refracting surface. 

(5.) The index of refraction is constant for the same two 
media. 

615. ninstrations of Befiraction.— Put a small coin into 
a tin cup and place the 
cup so that its edge just 
intercepts the view of 
the coin. A raj of light 
coming from the coin 
toward the observer 
must pass abdve his eye 
and thus be lost to 
sight. If, now, water be 
^iradually poured into 
the cup, the coin will 
become visible. The 
rays are bent down as 
they emerge from the 
water and some of them Fig. 294. 

enter the eye. For the 

same reason, an oar or other stick half immersed in water seems 
bent at the water's surface, while rivers and ponds whose bottoms 




896 REFRACTION OF LIOBT. 

are viaibls nre gonflMll; deeper tliui thej Bmm to be. (Elg:. S94.) 
As air expaoda. Its Index of teffactlon becomes less. Henco the 
IndisUnctueaa and apparent nuateadluess of objects seen thiDDgli 
air rising from the sorfaee of a hot Btove. Light is refracted as it 
entem the earth's atmosphere. Hence the heaveuljr bodies appear 
to be further alwTe the horizon than they reall; are except when 
they are oTerhead. 

616. Total Reflection.— When a tay of ligbt 
paaaee from a rarer into a denser medium, it may always 
approach the perpendicular so as to make the angle of ro- 
&actio& leas than the angle of incidence (§614 [3]). Bnt 
vhen a ray of light attempts to pass from a denser into a 

rarer medinm there are conditions 

nader which the fmgle of re&action 

cannot he greater than the angle of 

I incidence. Under such circujn- 

\ stances the ray cannot emerge 

Fig 205. from the denser medium,, but 

will be wh(My reflected at the 

point of incidenee. Fig. 295 represents luminous rays 

emitted &om A, under water, and seeking a passage into 

lur. Passing from the perpendicular, the angle of refrao- 

tion increases more rapidly than the angle of incidence 

until one ray is found that emerges and grazes the surface 

of the wat«r. Bays beyond 

this cannot emerge at alL 

617. The Critical An- 
g'le. — Imagine a spherical 
(Florence) flask half filled 
with water. A ray of hght 
tVom L will be refracted at A 
in the direction of R. If the 

angle of incidence, CAL, be Fig. 296. 
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gradually increased the angle of refraction will be gradually 
increased until it becomes 90°, when the ray will graze the 
surface of the water AM. If the source of light be still 
further remoyed from Cy as to Z, the ray will be reflected 
to r (§ 591). For all media there is an incident angle of 
this kind, called the critical or limiting angle, beyond 
which totai internal r^ection will take the place of refrac- 
tion. The reflection is called total because all of the 
incident light is reflected, which is never the case in 
ordinary reflectiwif < Hence, a surface at which total re- 
flection takes place constitutes the most perfect mirror, 
possible. The critical angle (with reference to air) is 
48° 35' for water; 40° 49' for glass; 23° 43' for diamond. 

{a.) From this it foUows, as may be seen by. referring to Fig, 205, 
that to an eye placed under water, all visible objects above the 
water would appear within an angle of Q?*" 10', or twice the critical 
angle for water. 

(b.) The phenomena of total reflection may be produced by placing 
the bottle shown in Fig. 292 upon several books resting upon a table, 
and inverting the card so that a beam of light reflected obliquely 
upward from a mirror on the table may enter through the slit near 
the bottom of the bottle, taking a direction through the water simi- 
lar to the line lA of Fig. 296. When one looks into an aquarium in 
a direction similar to rA, images of fish or turtles near the surface 
of the water are often seen. 

(<j.) Place a strip of printed paper in a test-tube ; hold it ob- 
liquely in a tumbler of water and look downward at the printing 
which will be plainly visible. Change the tube gradually to a 
vertical jKisition, and soon the part of the tube in the water takes a 
silvered appearance and the printing becomes invisible. Show that, 
in this case, the disappearance of the 
reading is due to total reflection. By 
dissolving a smaU bit of potassium bi- 
chromate in the water, the tube will 
have a golden instead of a silver-like 
ap])earance. 

(d.) Fig. 297 represents a glass vessel 
partly filled with water. Minors are Fig. 297. 
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(«.) Fig. 398 repreaents a glass jai with an opening, fiom nUch 

a stream of water iasnes under a 

he^ (g aS4 [a]) kept conMant 

ThroDgh a lens plitced opposite 

this orifice, a concentnted beam 

of light from the Ueliontat is 

titrown into the Btraam of water 

•8 it issnea. Internal reQection 

keeps meet of it ther«, a prisoner. 

The stream of water is fnll of 

[I light and qipears a stream of 

i melted metal. Throat a finger 

I into the stream and notice the 

' effect. Place a piece of red glass 

tiG 3qS between the heliostat and the 

lens ; the water looks like blood. 

Thnut the finger into the stream again. Repeat the experiment 

with pieces of glass of other colors in place of the red. 

618. Refraction Explained.— To understand the 
Tray in which a ray of light ia refracted, let ua consider its 
passage through aglasapriBm, ABO. It mnst be nnder- 
stood that the velocity, of li^ht-is 
less in glass than in air, and 
that the direction, in which a 
wave moves is perpendicidar to ^ 
its wave front. A wave in the 
ether approaches the surface of the 
priem AB. When at a, the lower end of the wave front 
first strikea the glass and enters it. The progress of this 
end of the wave front, being slower tlian that of the other 
which is still in the air, is continually retarded until the 
whole front has entered the glass. The ware ttont thne 
assumes the position shown at c. But the path of the 
wave being perpendicular to the front of the ware, this 
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cbange of front causes a change in the direction of the ray 
which is thus refracted toward a perpendicular. The wave 
now moves forward in a straight line until the top of the 
waye front strikes AC, the surface of the prism, as shown 
at m. The upper end of the wave front emerging first 
into the air guns upon the other ^od of the &ont which is 
still moyiog more slowl; in the glass. When the lower 
end emerges from the glaae^ the wave has the position 
shown at n. I'his second change of front involves another 
change in the direction of the ray which is now refracted 
from the perpendicnlar. 

619. Three Kinds of Refractors.— When a ray 

of light passes through a refracting medium, three cases 
may arise: 

(1.) When the refractor is bounded by planes, the- re- 
fracting sur&cea being parallel. 

(8.) When the refractor is bounded by planes, the re- 
fracting snrikies being not parallel. The refractor is then 
called a prism. 

(3.) When the refractor is bounded by two surfeces of 
which at least one is 
curved. The refractor 
is then called a lens. 

630. Parallel 
Plates. — When a ray 
passes through a me- 
dium bounded by paral- 
.11 ±^ ^\- Fig. 300. 

lei planes the refractions 

at the two surfaces are equal aud contrary in direction. 
The direction of the ray after passing through the plate is 
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par&Uel to its direotton before entering; the ray merely 
suffers lateral aberrstioo. Objects seen obliquely tbrough 
sacb plates appear slightly displaced &om their true positioD. 
631. Prisms* — A prism produces two siinultaneous 
effects upon light passing through it ; a change of direc- 
tion and decomposition. , The second of these effects will 
be considered under the head of dispersion (§ 636). 

(a.) Let mna represent a aecUon formed by catting a prism hj a 
plane perpendicular to ita edges. A ra; of Ught from Ii being in- 
fracted at a and b en- 
ters ttie eja In the di- 
rection be. The object 
being seen in the direc- 
tion of the raj as it 
enters tlte eje (% S04), 
appears to be at r. An 
object seen tlirough a 
prism seems to l>e 
moved in tlie direction 
of the edge that sepa- 
gites the refracting 
surfaces. The rays Fig. 3QI. 

themselres are bent 

toward the cdde that separates-the refracting Borfacee, or toward 
tlie thtcketrt part of the prism. 
(&.) Priams are generally made of glass, their principal sections 

bdng equilateral triangles. In order to give a 

liquid the form of a prism, it is placed in f. 

vessel (Elg. 302) in which at least two sides 
■e glass plates not parallel. Bottlee are made 

for this parpose. 
(e.) In Pig. 803, ABG is the principal section 

of a right-angled isosceles, glass 
Fig, 303. prism, right-angled a 

of light falling p 
npon either of the cathetat (cathetui) si 
will not be refracted. With AB, i 

angle of 45° which exceeds the critical angle 

glass (§ 611). It will therefore be totally reflected ' '*'■ 3°3- 
and pass without refraction from the cathelal surface BG. Bnch 
prisms are often used in optics instead of mirrors. 




803, ABC is the principal section 
;led isosceles, glass t 

ingled at 0. A ray - ^> ft ^ 
ng perpendienlarly "" * ^^ftjB 
u) surfaces, aa AC, Ifl 

t, it will make an I j- 

critical angle for '*' 
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633. Lenses. — ^Lenses are generally made of crown 
glass which is free from lead^ or of flint glass which con- 
tains lead and has greater refractive power. The curved 
surfaces are generally spherical. With respect to their 
shape, lenses are of six kinds: 

12 8 if. s , 






Fig. 304. 

(1.) Double-convex, ^ Thicker at the middle than 

(2.) Plano-convex, V ^^ the edges. 

(3.) Concavo-convex, or meniscus, J 

The double-convex may be taken as the type of these. 

(4.) Double-concave, ^ 

(5.) Plano^M>ncave, I Thinner at the middle than 

(6.) Convex-concave, or diverging | at the edges, 
meniscus, J 

The double concave may be taken as the type of these. 

(a.) The effect of convex lenses may be considered as produced by 
two prisms with their bases in contact ; that of concave lenses, by 
two prisms with their edges in contact. 

623. Centre of Curvature ; Principal Axis ; 
Optical Centre. — ^A double-convex lens may be de- 
scribed as the part common to two spheres which intersect 
each other. The centres of these spheres are the centres 
of curvatare of the lens. The straight line passing 
through the centres of curvature is the principal axis of 
the lens. In every lens there is a point on the principal 
axis called the optical centre. When the lens is bounded 
by spherical surfaces of equal curvature, as is generally the 
case, the optical centre is at equal distances from the two 
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faoes of the lens. Any straight line, other than the prin- 
cipal axis, passing through the opGcal centre is a second- 
ary axis. 

(a.) If a raj of light paasing through the optical centre be re- 
fracted at all, the two refractions will be equal and opposite in direc- 
tion. The slight lateral aberration thus produced maj be disregarded. 

634. Principal Focus.— »4B rays paraUeL to 
the -principal ajcis ivill, after two refractions., con- 
verge at a point called the principal focus. This 
point may lie on either side of the lens, according to the 
direction in which the light moves ; it is a real focus. The 
greater the refracting power of the substance of which fhe 
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Fig. 305. 

lens is made, the nearer the principal focus will be to the 
lens. In a double-convex lens of crown glass, the principal 
focal distance is equal to the radius of curvature; in a 
plano-convex lens of the same material, it is twice as great. 

(a.) The position of the principal focus of a lens is easily deter- 
mined. Hold the lens facing the sun. The parallel solar rays 
incident upon the lens will converge at the principal focus. Find 
this point by moving a sheet of paper back and forth behind the 
lens until the bright spot formed upon the paper is brightest and 
smallest. 

(b.) It is also true that rays diverging from a point at twice the 
principal focal distance from the lens will converge at a point just 
as far distant on the other side of the lens. Rays diverging from 
/ will converge at /', these two points being at twice the focal dis- 
tance from the lens. By experimenting with a lens and candle- 
flame until the flame and its image are at equal distances from the 
lens, we are able, in a second way, to determine the principal focal 
distance of the lens. The conjugate foci situated at twice the prin- 
cipal focal distance are called weandary fod. 
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62ff. Conji^fftte Foci. — Kaye diverging fhim a 
Inminons point ia the principal axis at a small diBtance 
beyond tlie principal ibcos on either side of the lens will 
form a focius on the principal axis beyond the other prin- 
cipal focna. Thna, rays from h will converge at I; con- 
versely, rays &om ( will converge at L {§ 603). If the 
Inmiuona point be in a Becondaiy szie, the rays will con- 
, verge to a point in the same second^ azia Two 
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points thus related to each other are called con- 
Jugate foci; the line joining them always passes 
through the optical centre. 



(a.) If the luminoua point be more than twice the focal di 
from the lens, the conjugate focus will lie on the other side of the 
lena at a distance greater than the focal distance, but less than twice 
the focal distance. If the luminous point be moved iowatd the 
lens, the focuB will recede from the lens. When the luminone 
point ii at one secondorj focus, the rays will converge at the other 
wcoD.dar]r focus. When the lumintxu point is between the second* 
toy and prindpal fod. the rays will convene hefond the secondary 
focns on the other nde of the lens. When the luminous point is at 
the focsl distance, the emergent rays will be parallel and no focus 
will be formed. When the luminous point is at less than the focal 
distance, the emergent rays will still diverge as if from a point on 
the same side of the lens, more distant than the prindpal focus. 
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This focuB will be virtiwl. CoDversely, coDTerf^g rays falling 
apoD % convex lens will form ft focue neajer the lens tliui the 
priDcipal focus. (See dg. 807.) 

626. Conjugate Foci of Concave Lens.— 

Bays from a lutniiious point at any distance whatever will 
be made more divergent by passing through a concave lens. 



Fig, 3o8. 
Rays parallel to the principal axis will diverge after refrao^ 
tion aa if they proceeded from the principal focos. In 
any case, the focas will be virtual, and nearer the lens than 
the luminous point. 

627. Images Formed by Convex Lenses.— 

The analogies between the convex lens and the concave 
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mimnr otmnot bave escaped the notice of tbe (honghtftil 
pnpiL Others will appear. If secondary axes be nearly 
parallel to the principal axis, well-defined foci may be 
formed npon them, as well as upon the principal axis. A 
number of these foci may determine the position of an 
image formed by a lens. 

(a.) The lineai dimensioiu of object knd Image Are directly u 
th^ respective distances from the centre of the lens ; thej will he 
virtual or real, erect or inverted, according as tbey are on the same 
aide of the lens oi on opposite Eddeo. 

628. Coostruction for Real Ima^ea.— To determine 
the portion of the image of the object AB (Fig. 309), draw from 
anj point, aa A, ^ line parallel to the principal ails. After refrac- 
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Hon, the ray represented by this line will pass through y, the prin- 
cipal focna. 'Dtkvt the secondary axis for the point A. The inter- 
section of these two lines at a determines the position of the con- 
jugate focos of A. Tn umilar irumner, the conjagate focus of J3 is 
found to be at 6. Joining these points, the line ab Is the image of 
tbe line AB. 

620. Diminished Real Imagre.— If the object 
be more than twice the focal distance from the convex 
lens, its image will be real, smaller than the object and 
inrertod (Fig. 310). Goustmct the image as indicated in 
the last paragraph. 
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Fio. 310. 
630. Magnified Real Image. — If the object be 
further ttom the leoa than the principal .focns, bat at 



■■l 



Fig. 311. 
distance less than twice the foeul distance, the image will 
be real, magnified and inverted. (Fig. 311.) Constrnct 
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631> yirtnal Image. — If the object be placed 
nearer the lens than the principal focus, the image will be 
virtnal, magnified and erect (Fig. 312.) This explains 
the funiliar magnifying effects of oonrex lenses. Con- 
strnct the image. 

633. Image of Concave Lens.— Images formed 
b; a concave lens are virtaal, smaller than the object and 
erect. The constmction of the image is shown in Fig. 
313. 



Fig. 313. 

Note. — Tlie power of the coDvei lens to tana real and dimiaished 
ItnageH of distant objects and magnified images of near objects, Is 
of- frequent application in ench optical instraments aa the micTD- 
acope, teleacopo, magic lantern, lighthonse lamps, etc. Owing to 
the Identity between heat aod lamiuons rajs, a convex lene is also 
A " bnmlng-glue." 

633. Spherical Aberration. — The rays that pass 
through a spherical lens near its edge are more refracted 
than those that pass nearer the centre. They, therefore, 
converge nearer the lens. A spherical lens cannot refract 
all of the incident rays to the same point. Hence 
"sjiherical aberration" and its annoying conseqaences in 
the constmction and use of optical apparatus. 
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EXEBCISES. 

1. (a.) What is refraction of light ? (p.) State the laws goveming 
the same, and (6.) give an illostratiye diagram. 

2. (a.) Name and illostrate bj diagram the different classes of 
lenses, (b.) Explain, with diagram, the action of the burning-glass. 

8. (a.) Explain the cause of total reflection. (&.) Show, with 
diagram, how the secondary axes of a lens mark the limits of the 
image. 

4. (a.) Using a convex lens, what must be the position of an 
object in order that its image shall be real, magnified, and inverted ? 
(b,) Same, using a concave lens ? 

5. (a.) Show how a raj of light may be bent at a right angle by 
a glass prism, (ft.) The focal distance of a convex lens .being 6 
inches, determine the position of the conjugate focus of a point 
13 inches from the lens, (e.) 18 inches from the lens. 

6. {a.) The focal distance of a convex lens is 30 em. Find the 
conjugate focus for a point 15 cm. from the lens, (b.) How may the 
focal length of a lens be determined experimentally? 

7. If an object be placed at twice the focal distance of a convex 
lens, how will the length of the image compare with the length of 
the object t 

8. A small object is 13 inches from a lens ; the image is 34 inches 
from the lens and on the opposite side. Determine (by construction) 
the focal distance of the lens. 

9. A candle flame is 6 feet from a wall ; a lens is between the 
flame and the wall, 5 feet from the latter. A distinct image of the 
flame is formed upon the wall, (a.) In what other position may 
the lens be placed, that a distinct image may be formed upon the 
wall ? {b.) How will the lengths of the images compare? 

Becapitiilation. — In this section we have considered 
the Definition, Index, La^vs and Explanation 
of refSraction ; Internal Reflection ; Plates, 
Prisms and Lenses ; principal and conjugate Foci 
of lenses ; Construction for conjugate foci and 
images; Spherical Aberration. 
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chromatics.— spectra. 

634, Other Besults of Beftaction.— In onr prevloiis 
considention of InmiDooB t&f s we hare Btadied the effect of reflec- 
tion uid refraction upon the direetion of A^s ; in fact, we have 
dealt with only thorn properties which are common to all Inminons 
njB. But the properties of light and the phenomena of refraction 
are not ao aJmple as we might thus be led to suppose. Most 
lomlnooa objects emit light of several kinds blended together. We 
most not be satisfied with oar knowledge of light antU we aro able 
to alft these TuleUea one from the other, and to de^ with anjr one 
kind h]r itself. 
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635. Solar Spectrum. — Admit a sunbeam throngli 
a Tery small opening in the shntter of a darkened room. 
The opening may be prepared by cntting a slit an inch 
(35 mm.) long aud -^ of an inch (1 mm.) wide in a card. 
See that the edges of the alit are smooth. Tack the slit , 
OTer a larger opening iu the shatter. If ve look at the 
apertare from E we shall see the sun beyond. The path 
of the beam fh>m iS^ to .^ is made visible by the floating 
18 
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dost If a prism be placed in the path of the beam, as 
shown in Fig. 314, the sides of the slit and edges of the 
prism being horizontal, the beami will be refracted upward. 
If the refracted beam be caught upon a screen, it will 
appear as a band of differently colored light, passing by 
imperceptible gradations from red at the bottom, through 
orange, yellow, green, blue and indigo to violet at the 
upper end of the beautifully colored band. This colored 
band is called the solar spectrum. 

(a.) The different oolois do not occupy equal space in the spectrum, 
orange having the least an4 violet the most. The initials of these 
colors f onn the meaningless word vibgyor, which may aid the 
memory in remembering these prismatic colors in their proper 
order. By placing the sUt in a vertical position, and standing the 
prism on its end so that its edges will be paraUel with the sides of 
the slit, the spectrum will be projected as a horizontal band. 

636. Dispersion.— By looking at Fig. 314, it will 
be seen that the red rays have been refracted the least and 
the violet the most of all the luminous rays. This sepa- 
ration of the differently colored rays by the prism 
is called the dispersion of light ; it depends upon the 
fact that rays of different colors are refracted in different 
degrees. 

637. Pure Spectrum. — The spectrum above de- 
scribed is composed of overlapping and differently-colored 
images of the slit. In a pure spectrum these images must' 
not overlap. The first requisite in preventing this over- 
lapping is that the slit be very narrow. 

(a.) The most simple way of producing a pure spectrum is to look 
through a prism at a very narrow slit in the shutter of a darkened 
room. The edges of the prism should be parallel to the slit ; the 
prism should be at least five feet (l^m.) from the slit ; the prism 
should be turned until the colored image of the slit is f»t the least 
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angular distance from tbe slit itself. A pure spectrum is also 
obtained by passing the beam tlirough several prisms in succesmon, 
thus increasing the dispersion. 

638. Fraunhofer's Lines. — ^A pure solar spectrum 
is not continuous, but is crossed by numerous dark lines, 
many hundreds of which have been counted and accu- 
rately mapped. The more conspicuous of these dark lines 
are distinguished by letters of the alphabet, as shown in 
Fig. 315. Each of these dark lines indicates that a par- 
ticular kind of ray is wanting in solar light 
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(a.) The spectra of incandescent isolids are continuous, from the 
extreme red to a limit depending upon the temperature. The 
spectra of incandescent gases (not containing solid particles in 
suspension) are non-continuous, consisting of a number of definite 
bright lines. A candle or gas flame gives a continuous spectrum 
because it is chieflj due to the incandescence of solid carbon 
particles. 

(&.) The spectroscope is an instrument for producing and observing 
pure spectra. It has proved to be one of the most powerful aids 
to modem science. It affords the most delicate means of chemical 
analysis ; bj its aid several elements have been discovered ; the 
presence of Tn^iinnr ^^ <^ grain of sodium has been detected bj 
'*si)ectrum analysis." It is of incalculable importance to the 
astronomer. For definite information, the pupil is necessarily 
referred to some of the excellent manuals upon the subject recently 
published. 

639. Synthesis of White Light.— By analysis, 
we have shown that white light is composed of seven 
primary colors. The same fact may be shown synthetically, 
for by recombining these spectrum colors white light will 
be produced. 
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(n.) Thla recomUniitloii nwy be effected bj me&nB of ». convei 

lens (Fig. ai6) or a eoncaTS mirror. Another Himple method of 

recombinaUon is afEorded bj " Newton's disc " 

(Fig. 817), wMcb contains the prismatic colore 

iin proper pioportioo. When this disc is ntpidlj- 
tevolved bj raeans of the whirling table (see 
Fig- 7), or hj fastening It to a large top, the 
colon are blended and the disc appears gTajiah 
white. Still another way of piodnung this 
p,Q j,^ recompoeition is to pass the light as it emerges 

from the Srst prism through a second prism, 
pUced in a pasiUoii iOTertad with reference to the first. 

640. Color of Bodies.— The color of a body ie it« 
property of reflecting or transmittiDg to tbe eye light of 
that pfu^.icular color, the other raya being absorbed. Thia 
power may be deecribed as selective absorption. 

(d.) Properly speaking, color is not a property of matter, bat of 
light. A ribbon 1b called red, but the redness belongs to the light, 
not to the ribbon. There would be more propriety in saying that 
the ribbon has dl the other eolort of the rainbow, because it absorbs 
the others and reflects the red. If the red ribbon be placed in the 
green or blae of the spectrum It will appear bla<^ because it 
receives no red rays to reflect. Colored substances decompose the 
Incident light, absorbing some rays and assaming the hue of those 
they reflect or transmit to the eye. A body that absorbs rery few 
of the rays is white ; one that absorlM nearly all is black. Thers- 
fore, bla<^ is not a color bat its absence. 
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9.) Paint three narroir strips of cardboard, one TenoiUon red, 
one ememld green, and tbe other aniline violet Be anie that the 
coats are thick enongh thoroughly to hide the cardboard. When 
dl7, hold the red strip in the red of the solar spectrum ; it appears 
red. Hove it slowly through the orange and yellow ; it grows 
gradaally darker. In the green and colors beyond, it appears black. 
Bepeat the experiment with the other two strips, and carefully 
notice that the effects are in accordance with the prlndple above 
stated. 

641. The Rainbow.— The rainbow is due to re- 
fraction, reflection and dispersion of simlight by water- 
drops. The necessary conditions are : 

(1.) A shower during snoshine. 

(3.) Tliat the observer shall stand with his back to the 
snn, between the falling drops and the sun. 

(a.) The centre of the drcle of which the rdnbow forms a part 
la in the prolongation of a line drawn from the sun throogh the 
eye of the observer. Thit line U eaUed the axu of the bote. 



642. Dispersion by a Raindrop.— Suppose the 

circle whose centre is at C (Fig. 318) to represent the section 
of a raindrop. A ray of sunlight, as Sm, &lling apou the 
raindrop would bo refracted at m, reflected at n, and again 
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refracted at m'. Id passing thae tbrongli the drop, the 
light is also decompoBed. If m'E represent the path of 
a red ray, the violet ray will travorse a path above, becaase 
violet is refracted more thau red. The path of this violet 
ra; may be represented by m'B. If the raindrop be in the 
exact position for the red ray, m'E, to enter the eye of tlie 
observer, the violet and other colored rays will pass over- 
head and not be seen. This drop will appear red. 

643. Successive Colors of the Bainbow.— In atiet 



Bths 

kOet 
Iropa 



Fig. 310. parallel witb the 

axis EO, drawn 
fiom the Bun through B, the eye of the observer, to 0, the centre 
of the drcle of which the bow forms a part. The angle between 
the inddent and the emergeDt ray, 8RE, and conseqaently the angle 
REO. iB, for the red raj, alwut 43°. The angles 8'VE»ii6. VEO are, 
for the violet ra;, almat 40°. The other colors lying between these, 
it will be seen that the angolar width of the t^bow Is about two 



644. Form and Extent of the Rainbow.— 

From Fig. 390, it will be seen that every drop in the arc of 
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a circnmference drawn, wUh as a centre and with OVas 
radins, being opposite the sun and having the same angular 
distance from OE, viz., 40°, will 
send violet colored rays to the eye 
at E, and the violet colored part of - 
the bow will be a circular arch. '• 

For the same reason, the red of the 
bow is a circular arch lying without 
the violet and at an angnlar dis- 
tance of two degrees therefrom j 
the other colore will form circular 
arches lying between these two. Fio. 32a 

If the sun be at the horizon, EO 

will be horizont^ and the arches will be semicircles. If 
the suD be above the horizon, will be depressed below 
the horizon and less than semicircles will be seen. If the 
observer be on a mountain-top or up in a balloon, he may 
see more than a semicircle. 

645. The Secondary Bow. — Sometimes two col- 
ored arches are seen, one within the other. The inner 
which we have just considered is called the primary bow ; 
Ihe outer, the secondary bow. 

(a.) In eiplaining the primtur bow we traced a raj of light fall- 
ing npon the lop of the raindrop ; to explain the Becondai7 bow we 
trace a m.j falUng upon its lower put. Bach a ray, as 8m, will be 
refracted at m, reflected at m and n', and again refracted at m', 
coming t« the eye at E. If the ray which thus comes to the eye M 
J? be a red ray, the violet will follow m' V, and thus, passing below 
the eye because of its greater refrangibllity, be lost to Bight. The 
drop that sends a violet ray to the eye at E must be placed oftote 
irutead of hehw the drop that sends the red ray. (Kg. 831 ) 

(ft.) In the secondary bow, the red arch will be on the inside, with 
an angalar distance from the axis EO of about Sl°, while the violet 
will he on the outdde at an angular distance of about 54°, In the 
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cue of dther bow some light is loet at each reflection ; therefore, 
(dnce there are more reflections In the eecondarj bow, this will 
appear fainter, 

646. Chromatic Aberration. — It is impossible, 
by means of a single spherical convex lens, to bring all of 
the incident rays to a common focns. The blae and violet 

raya being refracted more than 
the red rays will converge at 
points nearer the Icna. In con- 
Eequeoce of this, when an image 
Pjj, is projected upon a screen, the 

image is surronnded with a col- 
ored border, the color depending npon the distance of the 
screen trom the lens. This inability of a single lens 
to bring differently colored rays to the sajne focus 
is caUed chromatic aberration. 

647. Achromatic Lens. — A convex lens of crown 
glass, by combination with a concave lens of flint glass, may 
have its dispersive power neutralized without completely 
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neuixaliziiig itg refmction. As the converging effect of the 
compound lens is not dedtroyed^ images may bei formed ; 
as the dispersiye effect is destroyed^ the colored fringe is 
avoided. A combination of lenses by which disper- 
sion is avoided and refraction secured is called an 
achroTtvatio lens. 

648. Properties of the Spectrum.— We have seen that 
we may decompose a sunbeam bj availing ourselves of the varying 
ref rangibility of the different kinds of rays of which it is composed. 
We have been able in this manner to produce the seven primary 
colors from white light. But our analytic investigations must go 
still further. Beyond the limits of the 'oiMe spectrum, in both 
directions, there are rays that do not excite the optic nerve, the ex- 
istence of which, however, may be easily proved. The spectrum 
has three properties which we must coni^der in detail : luminous, 
thermal and actinic. 

649. Luminous Spectrum.— We have seen the 
diffl&rence of rays in different parts of the spectrum in re- 
gard to color, but Uiey also differ in respect to intensity or 
illuminating power. An object, as a printed page, will be 
illuminated more strongly, and therefore seen more dis- 
tinctly, when placed in the yellow than when placed in the 
red or violet part of the spectrum. 

(a.) The difference in color between the rays found in different 
parts of the spectrum is merely one of rate of vibration or wave- 
length. The intensity of the light found at any particular part of 
the spectrum depends upon the amplitude of vibration. In respect 
to the visible spectrum, it may be said that brightness is to light 
what loudness is to sound (§ 431), that color is to light what pitch 
is to sound (§ 434). 

(ft.) The length of an ether- wave that can awaken the sensation of 
redness is about y^^inr ^^ ^^ vsa^ ; of that which can awaken the 
sensation of violet, about Triinr* '^^ waves corresponding to the 
intermediate colors have intermediate lengths. 

650. Thermal Spectrum. — If a very delicate 
thermometer or thermopile be successively placed in yari- 
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ous parts of the spectrum it will be found that the tem- 
perature is scarcely affected in the violet^ but that there is 
a continual increase in temperature as the thermometer is 
moved toward the other end of the spectrum, it being quite 
marked in the red. The greatest augmentation of tem- 
perature takes place beyond the red, wholly outside the 
visible spectrum. We thius detect vltra-red rays con- 
stituMng a heat spectrum. Their position indicates 
their low refrangibility and increased wave-length. Be- 
cause of its diathermancy, a rock-salt prism is desirable for 
this experiment; glass absorbs most of the ultra-red rays. 

651. Actinic Spectrum.— The actinic or chemical 
effects of sunlight are, in a general way, familiar to all. 
For example, plants absorb carbon from the atmosphere 
only during the day time. Silver chloride is very sen- 
sitive to this action of sunlight. The sensitive paper 
of the photographer will remain unchanged in the 
dark ; it will be quickly blackened in the light. If a 
piece of paper freshly washed in a solution of sulphate of 
quinine, or some other fluorescent substance, be held in the 
ultra-violet rays, it will become visible. Such a slip of 
paper may be used as a test for the presence of actinic rays. 
By placing it successively in the different parts of the visi- 
ble spectrum, it will be affected least in the red and most 
in the violet. The maximum actinic effect will be found 
at a point beyond the violet, wholly outside the visible 
spectrum. We thus detect ultra-violet rays consti- 
tuting an actinic spectrum. Their position indicates 
their high refrangibility; that their wave-length is less 
than that of the violet rays. A quartz prism is desiral)le for 
this experiment as glass quenches most of the actinic rays. 
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652. Curves of Intensity.— Pig. 823 represents, by means 
of curves^ the relative intensities of these three properties of the 
solar spectrum produced by a flint-glass prism. The wave-length 
will determine the position of the ray in the horizontal band. The 
greatest heating effect will be found just beyond the red rays ; the 
highest point of the thermal curve is over this part of the spectrum. 
The greatest illuminating effect will be found a liUle at the right of 
D (§ 638) ; the highest point of the luminous curve is over this point. 
The position of greatest actinic effect is similarly indicated. If a 
rock-salt or a quartz prism be used, the curves will be somewhat 




OARK^ HEAT MYS 



CHCMCAL RAYS, 



Fig. 323. 

different from those here shown. But it has been found that when 
a spectrum is produced, the dispersed rays are distributed very 
unevenly. Many more rays are crowded into the red end than into 
the violet end. While, therefore, one part of the spectrum may 
show a greater heating effect than another part, it does not follow 
that a single ray of low refrangibility has greater heating power 
than a single ray of high refrangibility. The researches of Dr. 
Draper, of New York, go to show that one ray has a heating effect 
equal to that of any other ray in the spectrum. The visibility or 
invisibility of certain rays depends on the construction of the eye 
rather than on any peculiarity of the rays (§6495). It is quite 
possible that the eyes of some animals are so constructed that ultra- 
red rays may excite vision, and that the eyes of other animals are so 
constructed that ultra-violet rays may excite vision. 

653. The Eiectric Light.—The electric light is particu- 
larly rich in these invisible rays. The dark heat rays may be sifted 
from the beam of light by passing it through a transparent solution 
of alum ; only the^ luminous rays will be allowed to pass. The 
luminous rays may be sifted out by sending the beam through an 
.opaque solution of iodine in carbon bi-sulphide. If these solutions 
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be placed in spherical flasks, they will constitute lenses which will 
refract the transmitted rajs to well defined foci. The focus of the 
transparent solution will be brilliantly illuminated, but will have 
little heating power ; that of the opaque solution will be invisible, 
while gun-cotton placed there will be instantly exploded. Platinum- 
foil has been raised to a red heat at one of these dark f od. 

654. Selective Radiation and Absorption. 

— Badiation of light or heat consists in giving motion to 
the ether ; absorption consists in taking motion from the 
ether. Molecules of one kind are able to yibrate at one 
rate ; those of another kind may be obliged to yibrate at a 
different rate. The first set of molecules may be able to 
give to the ether, or take from it, a rate of vibration which, 
in the ether, constitutes obscure heat These molecules 
can absorb or radiate obscure heat They may bo unable to 
vibrate at the higher rate which will enable them to absorb 
or radiate light They must either transmit or reflect 
light that falls upon them. In other words, a body ab- 
sorbs with special energy the kind of rays itself can radiate, 
both the absorption and the radiation depending upon the 
possible rate of vibration of the molecules of the body. 

{a.) In the case of gases, the period of molecular vibration is 
sharply defined. Gaseous molecules, like musical strings, can 
yibrate at only definite rates. Liquid and solid molecules, like 
sounding-boards, are able to yibrate at different rates lying between 
certain fixed limits. These limits depend largely upon the tem- 
perature. This principle underlies solar, si>ectrum analyds. 

655. Relation between Badiation and Ab- 
sorption* — Transparent bodies are transparent because 
the ether-waves which produce or constitute light pass be- 
tween the molecules of such bodies without having their 
wave-motion transferred to the molecules. Diatbermanous 
bodies transmit heat freely because the ether-waves which 
produce or constitute heat pass between the molecules of 
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snoh bodies withoot having th^ peculiar wave-motion 
transferred to the molecules of the body through which 
they pass. When a ray of light or heat, in passing through 
a Babstance, gives its enci^ U> the molecules between 
which it is passing in the ether, the ray is absorbed. It 
no longer ezista as radiant energy ; it has become absorbed 
heat, and wrams the body. It is do longer a motion of the 
ether; it has become a motion of ordinary matter. Aa in 
the case of radiant heat, so vrith light; the best absorbents 
are the best radiators. A piece of transparent, colorless 
glass will absorb very little light; heat it intensely, and 
it wiU radiate very little light On 
the other band, a piece of opaque 
glass will absorb a great deal of i 
light; when heated intensely, it will I 
radiate a great deal of light 

(a.) If an intonselj heated pot of melted 

lead, tin or plumber's solder be canied 

into a dark place and the dross skimmed Fic "ssd 

■mde bf a red-hot iron ladle, the liquid 

metal (which in sunlight 
would, raflect rather than 
abflorb the light) will ap- 
pear less bright titan the 
SDrrounding dross. If a 
, pleceofplatlnum-foilbear- 
\ Ing an Ink-mark be heat- 
g ed to IncandescenM and 
I viewed in a dark room, the 
^ ink-mark will radiate more 
light than the metal. Ex- 
posed to ennlight, the luk- 
mark will absorb more 
light than the metal. If a 
chalk-mark be made on a 
black poker, the poker 
Fig. 325. heated Ted-hi:>t and viewed 
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in ft dark room, the chalk will be less luminous than the iron. 
If ft piece of stone-ware of black and white pattern (Hg. 334) be 
heated to redness and viewed in a dark room, the black wiU shine 
more brightly than the white, the pattern being reversed as shown 
in fig. 325. 

EXEBCISES. 

1. Give the best reason you can think of, why the rainbow is a 
drcular arc and not a straight line or of some other ahape. 

2. Taking the velocity of light to be 188,000 miles per- second and 
the wave-length for green light to be .00002 of an inch, how many 
waves per second beat upon the retina of an eye exposed to green light ? 

3. How may spherical and chromatic aberration caused by a lens 
be corrected? 

4 Describe Fraunhofer's lines and tell how they may be produced. 
Why not through a circular orifice ? 

5. Describe in full what is meant by dispersion and the dispersive 
power of a medium. 

. Recapitulation. — In this section we have considered 
-the Dispersion of light; the Solar Spectrum 
and Fraunhofer's Lines; the Color of bodies; 
the Rainbow; Chromatic Aberration and 
Achromatic Lenses ; Luminous, Thermal 
and Actinic Spectra ; the Electric Light ; the 
relation between Radiation and Absorption. 
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OPTICAL INSTRUMENTS.-POURIZATION. 

656. Photographers' Camera. — ^The photogra- 
pher's camera is nearly the same as the camera-obscnra 
described in § 585. Instead of the darkened room we have 
a darkened box, BC\ instead of the simple hole in the 
shutter, we have an achromatic convex lens, placed in a 
tube at A. 
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(ft.) One put of the box, B, elidea nItUn the other part, C. A 
,gri>nnd-glBea plate ia placed in the (rome at E, which U adjasted bo 
that a, well-defined, inverted image of 
the object in front of A ia projected 
npon the glass plate. This adjust- 
ment, or ' " focosdng," is completed 
bj movijig the lens and ita tube by > 
the toothed wheel at D. When the ^ 
" focussing" is satisffcctoij, A Is cov- 
ered with a black cloth, the gronnd- ^iq 126 
glass plate replaced hj- a chemically- 
prepared senfiitive plate, the cloth removed, and the image pro- 
jected thereon. The light works certain chemical changes where 
it falls upon this plate, and thus a more lasting Image ia produced. 
The preliminary and subseqaent processes necessarily involved in 
photography cannot be considered here ; they belong rather to 
chemist^'. 

657. The Human Eye. — This most admirable of 

all optical instrnments is a nearly spherical ball, capable of 
being tnraed considerably in its socket. The outer coat, S, 
is firm, and, excepting in &ont, ia Opaqne. It is called the 
" white of the eye," or the sclerotic coat. Its transparent 
part in front, C, Is called the cornea. The convexity of the 
cornea is greater than that of the rest of the eyeball. 
Behind the cornea is an annnlor diaphragm, I, cidled the 
iris. It is colored and opaque ; the circular window in its 
centre is called the pnpil. 
The color of the iris consti- 
tutes the color of the eye. 
Back of the pnpil is the 
crystalline lens, L, built of 
concentric shells of varying 
density. Its shape is shown 
ift the figure. This lens 
divides the eye into two 
Fig. 327. chambers, the anterior 
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chamber contaiuiDg a limpid liquid called the aqueous ha- 
mor ; the posterior chamber containiug a tniDBparent jelly, 
V, called the vitreoae hamor. The Titreoos hnmor ie 
eucloeed in a tiaiiBparent sack, H, called the hyaloid mem- 
brane. The cornea, aqaeouB hnmor, cryBtalline lens and 
vitreona hnmor are re&acting media. Back of the hyaloid 
membrane ie the retina, R, an expansion of tiie optic 
nerve. Between the retina and the sclerotic coat is N, 
the choroid coat, intensely black and opaqoe. The ey^ 
optically considered, is simply an arrangement for pro- 
jecting inverted real images of visible objects npon a 
screen made of nerve filaments. The image thna formed 
is the origin of the seusation 
of viaion. If this image be 
well deBned and sufficiently 
luminous the vision is dis- 
tinct, 

668. Magnifying- 
Olasses. — A magni^ing- 
glnsB, or umple microscope is a 
convex lena, generally double- 
convex. The object is placed 
between the lens and its prin- 
cipal focus. The image ia vir- 
tual, erect and magnified (Fig- 
312). The visual angle sub- 
tended by the image ia greater 
than that subtended by.tJie 
object (§ 687). 



Fig. 333 

croscoi>e. 



659. Comj^nnd Hl- 

-The componnd microscope consists of two 
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or more convex lenses placed in a tube. One of these, o, 
called the object-glass or objective, is of short focus. The 
object, ai, being placed slightly beyond the principal focus, 
a real image, cdy magnified and inverted, is formed within 
the tube (§ 630). The other lens, E^ called the eye-glass, 
is so placed that the image formed by the objective lies 
between the eye-glass and its focus. A magnified virtual 
image, ABy of the real image is formed by the eye-glass 
(§ 631) and seen by the observer. (See Fig. 328.) 

(a) Compound microscopes are usually provided with several 
objectives of different focal distances, so that a selection may be 
made according to the magnifying power required. The powers 
generally used range from 50 to 350 diameters (t. e., they multiply 
linear dimensions so many times). The object generally needs to 
be intensely illuminated by a concave mirror or convex lens. 




Fig. 329. 

660. Galilean Telescope; Opera Glass.— In 
the telescope attributed to Galileo the objective is a double 
convex, and the eye-piece a double concave lens. The 
concave lens intercepts the rays before they have reached 
the focus of the objective ; were it not for this eye-piece, a 
real, inverted image would be formed back of the position 
of the concave lens. The rays from Ay converging after 
refraction by 0, are rendered diverging by (7; they seem to 
diverge from a. In like manner^ the image of B is formed 
at S. The image db is erect and very near. An opera- 
glass consists of two Oalilean telescopes placed side by 
side. In a good instrument both lenses are achromatic. 
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661. Astronomical Telescope; Refractor. — 

Astronomical telescopes are of two kinds — ^refractors and 
reflectors. Pig. 330 represents the arrangement of the 
lenses and the direction of the rays in the refracting 
telescope. The object-glass is of large diameter that it 




Fig. 330. 

may collect many rays for the better illumination of the 
image. The inverted, real image formed by the objective, 
Oy is magnified by the eye-piece, as in the case of the 
compound microscope. The visible image, cd, is a virtual 
image of dby the real image of AB. 

662. Reflecting: Telescopes.— A reflecting tele- 
scope consists of a tube closed at one end by a concave 




Fig. 331. 



mirror, so placed that the image thus formed may be mag- 
nified by a convex lens used as an eye-piece. Sometimes 
the eye-piece consists of a series of convex lenses placed 
in a horizontal tube, as shown in Fig. 331. The rays 
from the mirror are reflected by the cathetal prism mn 
(§ 621 [c]), and a real image formed at ab. This image is 



OPTICAL IN8TRV3TENTS. 



427 



magnified by the glasses of the eve-piece and a virtual 
image formed at cd. The Earl of Bosse built a telescope 
with a mirror six feet in diameter and haying a focal dis- 
tance of fifty-four feet. 

663. Terrestrial Telescope.^The inversion of 
the image in an astronomical telescope is inconvenient 




Fig. 332. 

when viewing terrestrial objects. This inconvenience is 
obviated in the terrestrial telescope by the interposition, of 
two double convex lenses, iw, «, between the objective and 
the eye-piece. The rays, diverging fix>m the inverted 
image at /, cross between in and n, and form an erect, 
magnified^ virtual image at ab. 




Fig. 333. 

664. Magic Lantern.— In the magic lantern, a 
lamp is placed at the common focus of a convex lens in 
front of it and of a concave mirror behind it. The light 
is thus concentrated upon db, a transparent picture, called 
the "slide." A system of lenses, m, is placed at a little 
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more than ite focal distance (g 630) beyond the 8lid& A 
real, inverted, magnified image of the pictnre is thns pro- 
jected upon the screen S. The tube carrying m is adjust- 
able, BO that the foci ma; be made to fall upon the screen 
and thus render the image distinct. B; inverting the 
slide the image is seen right side up. The solar and 
electric microscopes 
act in nearly the same 
way, the chief dififer- 
ence being in the 
sonrce of light 

(a.) Directions for 

iBntem nutj be found on 

page S4 of MiTer and 

Bwnud'B litUe book on 

Fig. 334. I^h.%. Mg. 334 repre- 

Benla • veiy compact and 

e£Bcient lantern, known as Harc/a Sdopticon, and fumiahed bj 

Bitchte, of Boston. (See Dolbear'a Ar% of Pngteting.) 

665. Stereoscopic Pictures.— Close the left eye 
and bold the right hand so that the forefinger shall hide 
the other three fingers. Without changing tlie position 
of the hand, open the left and close the right eye. The 
hidden fingers become visible in 
part Place a die on the table 
directly in front of you. Look- 
inir at it with only tlie left eyo, 
^i , ■■11 1 FI0.33S. 

three faces are Tisible, as shown 

at A, Fig. 335. Looking at it with only the right eye, it 
appears as shown at B. From this we see that tvhen im 
look at a solid, the images upon the retinas of the 
two eyes are different. If in any way we combine two 



.A, 



.B 
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dmrings, ao as to prodnoe images upon the retinas of the 
two eyes like those prodaced by the 
solid object^ ire obtaiD the idea of 
solidity. 

666. The Stereoscope,— To 

blend these two pictnres is the office 
of the stereoscope. Its action will 
be readily understood &om Fig. 336. 
The diaphragm D prevents either eye 
from seeing both pictures at the same 
time. Bays oC light from £ are re- 
fracted by the half-lens E' so that they 
seem to come from C In the same 
way, rays from A are refract«d by £ so 
that they also seem to come from C. The two slightly 
different pictures thns seeming to he in the same 
place at the same time are snccessfuUy blended, and 
*the picture "stands oat," or baa the appearance of 
solidity. If the two pictnres of a stereoscopic view were 
exactly aUke, this impresdon of solidity would not be pro- 
dnced. 

667. Polarization.— If a horizontal string, tightly 
drawn, be hit a rertical blow, a wave will be formed with 
vibrations in a vertical plane. If the string be hit a 
horizontal blow, a wave will be formed with vibrations in 
a horizonted plane. Thug a transversal ware is capable of 
asBaming a particular side or direction while a loogitudinal 
wave is not. This ia expressed by saying that a transversal , 
wave is capable of polarization. Polarization of light 
may be produced in three ways — ^by absorption, by reflec- 
tioD and by doable reiVaotion. 
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Planes of Vibration in Sunbeam.— If 

we ima^ne a sanbeam to be cat by a plane 
perpendicnlar to the direction of the beam, 
we may sappose the section to cortBist of 
Tibrations moving in every poBsible plane, as 
represented by Fig. 337. It is not to be 
Bupposed that all of these planes will inter- 
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sect St the same point There will be many rays whose 
planes of vibration aro vertical, many whose planes of 
vibration are horizontal, etc. 

669. Polarization by Absorp- 
tion. — If a sunbeam fall open a sobstance 
whose molecnlar stmctnre allows vibrations 
in only a particular plane, say vertical, the 



substance may be compu^ to a &fune with Fig. 33S. 
vertical bars, as represented by Fig. 338. 
Snch a frame or such a substance will absorb the rays 
whose vibrations lie in a plane that is horizontal or nearly 
80, convert them into absorbed heat, and transmit, as 
polarized light, those rays whose vibrations lie in a plane 

that is vertical or nearly so. A plate cut 

in a certain way from a crystal of tour* 
maline acts in such a way; it is called a 
tourmaline analyzer. If tlie sunbeam fall 
Tipon a substance that allows vibrations 
in only a horizontal plane, the snbstance 
may be compared to a &ame with hori- 
zontal bars, as represented in Fig. 339. Such a body will 
quench all the rays whos^ vibrations lie in a plane that is 
vertical or nearly so, and transmit, as polarized light, those 
rays whose vibrations lie in p plane that is horizontal or 
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nearly sa The totmnaline analyzer previously used acta 
in this way when torned a qnarter way aronnd. 

670. Tourmaline Tongfs. — If tbesetwo fVameB,or 
two tourmaline analyzers, be placed one over the other in 
Buch a way that the bars of the second shall be perpoii- 
dicalar to those of the 
first, it will be 6een that * 
the first will quench or ' 
absorb part of the rays, ''*i*' ^^^ 
while the rays trans- 
mitted by the first as polarized light will be quenched hy 
the second. But if the bars of the second be parallel to 
those of the first, the polarized light transmitted by the 
first will also be tratiBmitted by the second. This partial 
or total absorption of Inminons rays is shown easily with 
the "tonrmaliue tongs," which consist of two tourmaline 
plates sot in movable discs (Fig. 340). Light transmitted 
by either plate is polarized (and colored by the accidental 
tintof thetourmEdine). When the 
plates are superposed, polarized 
light may be transmitted by both, 
or all of the incident light inay be 
absorbed according to their relative 
positions as above stated. 

Fig 341 ®'*" I*olarization by Re- 

flection. — Light is polarized 
when the rays whose vibrations lie in a particular plane are 
' alone allowed to pass. This effect may be produced by 
causing a beam of light to be reflected by a non-metallic 
mirror at a certain angle which depends upon the nature 
of the reflecting substance. For glass, the ray must make 
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with the roflcctiDg snr&ce an angle of 35° 25' (angle of 
incidence = 54° 35'}. 

673. Ma]ti8*8 Polariscope.— This instrament has 
two Teflectors made of 
bandies of glass plates. 
Of these, A is called 
the polarizer and f the 
' analjzer. Both reflect- 

ors torn iipon horizon- 
tal axes ; B also turns 
upon a vertical axis by 
means of the horizontal 
circles CG. When A 
Hiid B are placed at the 
Flo. 343. F.G.343. polarizing w»gle with 

the vertical axis, a beam 
of light is made to fall npon the pohirizer in sneh a direc- 
tion that the .reflected light will pass vertically npward to 
B. This reflected light will be polarized. The polarized 
light will be reflected by B when the second reflector is 
parallel to the first (Fig. 343); it will be absorbed or 
transmitted when B is perpendicnlar to A (Fig. 343). 

(a.) Place B as shown Id Fig. 843. Throw s beam of light npon 
A, the room being darkened. The light reflected from B will fonn 
a wMt« spot npon the side o[ the room. Tom the ctdlar C bIowIj 
around. The spot of light will move around the sides of the 
room gradually growing fainter. When C baa been turned a 
quarter way around (Fig. 843) the spot has wholly disappeared. 
Beyond this it grows brighter until V bas been tamed half way 
aroiwd, when it is as bright aa at the beginning. When C has 
been tamed three-quarters around, ~ the spot again disappears, 
•gtdn reappeartng as C and B are brought to their cni^nil 
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673. Double Refiwitlon.— We have Been that a 
plate of tourmaline may stop all rays whose vibrations lie 
in a certain plane while it allowB passage to all rays whose 
vibrations he in a plane perpendicnlar to this. A crystal 
of Iceland spar shows 
a different bnt very 
important effect npon 
an incident beam. 
The retardation of 
those vibrations whose 
plane is parallel to the 

axis (the line joining Fig. 344. 

the two obtnsc angles 

of the crystal) is different from the retardation of those 
vibrations whose plane ia perpendicular to the axis. This 
difference in chnnge of velocity prodaces a difference in the 
refraction of the two sets of rays. A beam of light, there- 
fore, falling npon a crystal of Iceland spar will be gener- 
ally split into two, producing the effect known as double 
refraction. 



(a.) A Email object, an ft dot or line, viewed through tt ctT^til of 
Iceland spar, will generally show two images formed bj light oppo- 
sitely polarized. If the eje be placed directly above the dot and 
the ciystal slowly turned around, one Image known as the ordinair 
Inutge will remain stationaiy, wliile the other known aa the extra- - 
ordinaiy image will teTolve about it at a varying distance. The 
otdinftiT raj has a constant and tihe eitraordinarj ray a variable 
index of refraction. 

(ft.) On looking at the two images fonned by double tefraction 
through a tourmaline or any other analyzer, it will be found that 
there is a marked difference In the brightness of the two images. 
As the analyzer is tnmed around, one image grows brighter and the 
other fainter, the greatest brightness of one being ^multaneous 
with the extinction of the other. 
19 



434 MNXROT. 

Recapitulation. — ^In this section we have considered 
the Photographer's Camera and the haman 
Eye; Microscopes and Telescopes ; the Magic 
Lantern and the Stereoscope ; Polarization 
of light by Absorption, by Reflection and by 
Double Refraction. 



CONCLUSION. 

ENERGY. 



674. Varieties of Energy.— Like matter, energy 
is iudestractible. We have already seen that energy may 
be visible or invisible {%. e., mechanical or molecalar), 
kinetic or potential. We have at our control at least 
eight varieties of energy. 

{a.) Mechanical energy of position (visible, potential), 
(h.) Mechanical energy of motion (visible, kinetiie). 
{e.) Latent heat (molecular, potential). 
(d.) Sensible heat (molecular, kinetic). 
(e.) Chemical separation (molecular or atomic ; potential). 
(/.) Electric separation (probably molecular, potential). 
(g,) Electricity in motion (probably molecxdar, kinetic). 
(h.) Radiant energy, thermal, luminous or actinic (molecular, 
kinetic). 

676. Conservation of Energy.— The doctrine 
that^ considering the nniverse as a whole, the sum of all 
these forces is a constant quantity, is known as the Con- 
servation of Energy. 

a + 6 + o + d + 6+/+^ + A = a constant quantity. 

This does not mean that the value of a is invariable ; we 
have seen it changed to other varieties Mbor d. We have 
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seen'heat changed to electricity and vice versa, and either 
or both changed to mechanical energy. It does not mean 
that the sum of these eight variable quantities in the earth 
is constant, for we have seen that energy may pass from 
sun to earth, from star to star. But it does mean that the 
sum of all these energies in all the worlds that constitute 
the universe is a quantity fixed^ invariable, 

676. Correlation of Energy.— The expression 
Correlation of Energy refers to the convertibility of one 
form of energy into another. Our ideas ought, by this 
time, to be clear in regard to this convertibility. One im- 
portant feature remains to be noticed. Badiant energy can 
be converted into other forms, or other forms into radiant 
energy only through the intermediate state of absorbed 
heat- 

677. A Prose Poem.— "A river, in descending from an 

elevation of 7720 feet, generates an amoant of heat competent to 
augment its own temperature 10° F., and this amount of heat was 
abstracted from the sun, in order to lift the matter of the river to 
the elevation from which it falls. As long as the river continues 
on the heights, whether in the solid form as a glacier, or in the 
liquid form as a lake, the heat expended by the sun in lifting it 
has disappeared from the universe. It has been consumed in the 
act of lifting. But, at the moment that the river starts upon its 
downward course, and encounters the resistance of its bed, the heat 
expended in its elevation begins to be restored. The mental eye, 
indeed, can follow the emission from its source through the ether, 
as vibratory motion, to the ocean, where it ceases to be vibration, 
and takes the potential form among^the molecules of aqueous vapor ; 
to the mountain-top, where the heat absorbed in vaporization is given 
out in condensation, while that expended by the sun in lifting the 
water to its present elevation is still unrestored. This we find paid 
back to the last unit by the friction along the riyer's bed ; at the 
bottom of the cascade, where the plunge of the torrent is suddenly 
arrested ; in the warmth of the machinery turned by the river ; in 
the spark from the millstone ; beneath the crusher of the miner : in 
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the Alpine saw-mill ; in tlie milk-cliam of the chalet ; in the sup- 
ports of the cradle in which the moantaineer, by water-power, rocks 
Ills baby to sleep. All the forms of mechanical motion here indi- 
cated are simply the parcelling out of an amount of calorific motion 
deriyed originally from the sun ; and, at each point at which the 
mechanical motion is destroyed or diminished, it is the sun's heat 
which is restored." — TyndaU, 



678. Recapitulation. 



VISIBLE OR MECHANICAL. 



C 



rHEAT. 



INVISIBLE OR 
MOLECULAR. 1 



LIGHT. 



ELECTRICITY... 



Of Position, c. g., Hanging Ap- 
Potential. ple^ Head of 
WaUr. 

Of Motion, c. g., Falling A^^U, 
Kinetic. Flowing IVaier, 

Of Position, e. g., Latent Heat, 
PotentiaL 

Of Motion, e. g., Sensible Heat, 
Kinetic. 

Of Motion, or 
Kinetic. 

Of Position, c. g., Charged Ley^ 
Potential. . den jar ^ Battery 
with circuit bra- 
ken. 

Of Motion, e. g., Leydenjardis^ 
Kinetic. charging: Bat-- 

tery with cir^ 
emit closed. 



GENERAL REVIEW. 



1. (a.) Define science, matter, mass, molecule and atom. (6.) How 
do physical and chemical changes differ ? (c.) Define physics. 

2. (a.) What are chemical and physical properties of matter? 
(6.) Define and illustrate two universal and one characteristic 
properties of matter. 

3. (a.) Define meter, liter and gram. (5.) What is a solid, a 
liquid, and a gas ? (<?.) Define dynamics and force. 

4. (a.) Name and define three units of force. (&.) Give Newton's 
Laws of Motion, (c.) Qive the law of reflected motion. 
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5. (a.) Explain the parallelogram of forces, and (&.) the polygon 
of forces. 

6. (a,) Define gravitation and give its laws. (&.) Qive the law of 
weight, (c.) What is the centre of gravity, and how may it be 
found? 

7. (a.) Describe Attwood's machine.. (&.) Give the rules and 
formulas for falling bodies, (c.) How far will a body fall in three 
seconds ? 

8. {a.) What is a pendulum ? (&.) Give the laws of the pendulum. 
(<;.) How long must a pendulum be to vibrate 10 'times a minute ? 

9. {a.) Define energy, foot-pound, dyne, erg, and horse-power. 
(&.) Deduce the formula for measuring kinetic energy when weight 
and velocity are given. 

10. (a.) Define each of the six traditional simple machines. (5.) 
Give the law for each, (c) What is the office of a machine ? (e2.| 
Discuss the subject of friction. 

11. {a.) Give Pascal's law, and the rule for determining lateral 
liquid pr^ure. (&.) Describe the hydrostatic press, and state the 
general principle upon which its action depends. 

State Archimedes' principle. (&.) What is specific gravity ? 
lain the determination of the sp. gr. of a solid lighter than 
water, (d.) Explain the use of the specific gravity bulb, (e.) 
Describe Nicholson's hydrometer and explain its use. 

13. (a.) A 1000 gr. bottle having in it 928 grs. of water, has the 
remaining space filled with metallic sand and then weighs 1126.75. 
What is the sp. gr. of the sand ? (6.) Through which of the three 
kinds of levers can the greatest power be gained ? (c.) Through 
which can none be gained ? (d.) Why do we use it ? (e.) Give an 
example. 

14. A ball projected vertically upward, returns in 15 seconds to 
the place of projection. How far did it ascend ? 

15. (a,) A floating solid displaces how much liquid ? (5.) An 
immersed solid displaces how much liquid? (c.) A floating solid 
loses how much weight? {d.) An immersed solid loses how much 
weight ? 

16. What is the energy of a rifle-ball weighing 32 grams, having 
a velocity of 213 meters per second, and striking in the centre of a 
pendulum of wood weighing 23 kilograms? 

17. (a.) What is meant by the increment of velocity or gravity ? 
(&.) How far will a body fall in OJ seconds ? (c.) How far in the 
9th second? (a.) If a freely-falling body have a velocity of 448 ft. 
per second, how long has it been falling ? 

18. (a.) Deduce, from the laws of falling bodies, the formula for 
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the velocity of spouting liquids (« = 8.02 ^/h), (5.) Why must the 
unit of measure used with this formula be feet? (c.) Deduce a 
similar formula in which the meter is involved as the unit. 

19. Name four kinds of water-wheels, and describe the most 
efficient of them. 

20. (cl) Explain the action of the mercury barometer. (6.) Give 
Mariotte*8 law. (c.) Describe the piston of Sprengel's air-pump. 
{d.) Describe the ordinary air-pump, {e) Explain the action of the 
siphon. 

21. (a.) How would you illustrate the law of magnetic attraction 
and repulsion ? (&.) Give the theory of magnetic fluids, (c.) What 
do you think of its accuracy and value? (t?.) Explain magnetic 
induction. 

22. If the capacity of the barrel of an air-pump be \ that of the 
receiver, how much air would remain in the receiver at the end of 
the fourth stroke of the piston, and what would be its tension 
compared with that of the external air ? 

23. What is the pressure on the side of a reservoir 150 feet long, 
and filled with water to the height of twenty feet ? 

24. (a.) Why is a reservoir usually built in connection with 
water-works? (6.) Why are fire-engines provided with an air- 
chamber? {c.) Why should the nozzle be smaller than the 
hose? 

25. (flr.) Why can you not raise water 50 feet with a common 
pump? (6.) What change would it be necessary to make in the 
pump in order to raise water to that height ? (c.) Illustrate by a 
diagram. 

26. (a.) Give the law of electrical attraction and repulsion, and 
illustrate by pith-ball electroscope. (6.) Define conductors and non- 
conductors, electrics and non-electrics, (c.) Illustrate by an example 
of each. 

27. (a.) Give and illustrate each of the laws of motion. (6.) 
Explain composition and resolution of forces with illustrative 
figures. 

28. (a.) Give the facts of gravity and the law of weight. (5.) 
If a body weigh 120 lbs. 2500 miles below the surface of the earth, 
at what distance above the surface will it weigh 80 lbs. ? 

29. Explain and illustrate electric induction fully. 

30. (a.) Explain the construction and action of the electrophorus. 
What kind of electricity is discharged from it ? (&.) Describe the 
Leyden jar and explain its action, (c.) Explain the action of the 
plate electric machine, (d) In what way do lightning-rods protect 
buildings ? 
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81. (a.) Discuss carefully tlie reedstanee of a GFaltanic cell. (5.) 
Describe the Voltaic arc. 

3^ (a,) State the difference between a ma^et and an electro- 
magnet. Q),) Give the principles on which the telegraph operates. 
{e,) What is meant by an " electronegative substance ? " 

83. (a,) Describe BuhmkorfPs coil, and (&.) explain its action. 

84 Describe the thermoelectric pile, and explain its use. 

85. (a.) Qive Prof. Tyndall's illustration of the propagation of 
sound, (d.) What is the velocity of sound in air ? (c.) How is it 
affected by temperature ? 

36. (a,) Explain the difference between noise and music (5.) 
Name the three elements of a musical sound, and state the physical 
cause of each. 

87. (a.) Describe and explain the telephone. (5.) The phouo- 
graph. 

88. (a.) Explain interference of sound. (5.) Give the laws of 
vibration of musical strings, (e.) Giro the relative numbers of 
vibration for the tones of the major diatonic scide. 

89. (a) If 18 seconds intervene between the flash and report of a 
gfun, what is its distance, temperature being 82^° F^ ? (5.) If a 
musical sound be due to 144 vibrations per second, how many 
vibrations correspond to its 8d, 5th, and octave ? 

40. The bottom of a tank is 100 centimeters on one side, and a 
meter on the adjoining side. The tank has a depth of 50 centi- 
meters of water, {a.) What is the pressure on the bottom ? (&.) 
On either one of the vertical sides ? 

41. (a.) What is a horse-power? (p.) How many horse-powers 
are there In a machine that will raise 8250 lbs. 176 ft. in 4 minutes ? 
(c.) State the modes of diminishing friction. 

42. What will be the kinetic energy of a 25-pound ball that has 
fallen a mile ? (Reject small remainders.) 

48. Two bodies are attracting a third with forces as 441 to 576, 
the first, weighing 25 lbs., iX a distance from the third of 20 feet, 
and the second at a distance of 80 feet ; what is the weight of the 
second? 

44 How far wHl a body fall in the first second on Saturn, the 
density of Saturn being .12 that of the earth, and its diameter being 
72000miles? 

45. (a.) What is temperature? (&.) Discuss the expansion of 
water by heat, (c.) What is the rate of gaseous expansion by heat ? 

46. (a.) What is the difference between evaporation and boiling ? 
(6.) What is the boiling point ? {c ) What is distillation, and how 
is it performed ? 
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4tJ, (a.) Define latent, senidble and specific heat. (&.) What is the 
latent heat of water and of steam ! 

48. (a.) Explain the several modes of diffusing heat, showing 
how they differ. (&.) State and explain the relation between the 
absorbing and radiating powers of any given substance. 

49. (a.) What is thermodynamics? (6.) State the first law of 
thermodynamics, {c.) What is the mechanical equivalent of heat 
in kilogrammeters ? (d.) What does your answer mean ? 

50. (a.) Draw a figure showing the position of the parts of the 
cylinder and steam-chest when the piston is going up. 

51. (a.) To what temperature would a cannon-ball weighing 
150 lbs. and moving 1920 feet a second, raise 2000 lbs. of water 
from 32° F., if its motion were suddenly converted into heat 1 (5.) 
Explain the origin and propagation of sound waves. 

52. (a.) Express a temperature of 50° F.. In degrees centigrade. 
(&.) Name and describe the essential parts of a steam-engine in their 
proper order, (c) Point out the changes in form of energy from 
the furnace fire, through a high-pressure engine to the heated axles 
set in motion thereby. 

53. The mechanical equivalent of heat being 1390 foot-gram& 
the foot being equal to 80.48 em., and the increment of velocity on 
the earth being 980 cm., find the mechanical equivalent in ergs. 

. Ans. 41519856. 

54. (a.) What is the difference between waves of sound and 
waves of light ? (&.) What is the difference between an atherma- 
nous and an opaque substance ? (c.) What determines the apparent 
size of a visible object ? 

55. (a.) If the gun-cotton mentioned in § 555 (a.) be rubbed with 
a little lamp-black, will it be ignited with more or less difiiculty? 
Why? (6.) What is reflection of light? (c.) How does it differ 
from refraction of light? 

56. (a.) How could you show that light is invisible unless it en- 
ters the eye? (&.) What determines the apparent position of an 
object? (c.) What is the distinction between retd and virtual 
images? 

57. (a.) Describe and illustrate a construction for conjugate foci 
in the case of a concave mirror. (6.) In the case of a convex lens, 
(c.) What is meant by the index of refraction ? (d) Give the laws 
for refraction of light. 

58. (a.) Explain total internal reflection. (6.) What is meant by 
dispersion of light ? (<;.) What is pure spectrunr and how may it 
be produced ? ((?.) What are Fraunhofer's Lines and what do they 
indicate ? (e.) Name the prismatic colors in order. 
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69. (a.) WI17 does a certain piece of glass look red when it is 
£eld between a lamp and the eye ? (&.) Why does it look red when 
the lamp is between the glass and the eye? (c.) Explain the suc- 
cession of colors in the rainbow, (d.) What three classes of rays in 
a sunbeam? 

60. {a.) Describe the human eye as an optical instrument. (&.) The 
opera-glass, (c) The terrestrial telescope, (d,) The stereoscope. 

61. {a.) Explain polarization of light by absorption. (&.) By 
reflection. 

62. (a.) Explain the action of the siphon. (&.) Find the volume 
of a balloon filled with hydrogen that has a lifting power of 440 lbs. 
(sp. gr. of air = 14.42. One liter of hydrogen weighs .0896 g,) 

63. (a.) The barrel of an air-pump is \ that of the receiver ; find 
the tension of the air in the receiver after 8 strokes of the piston, call- 
ing the normal pressure 15 lbs. and disregarding the volume of the 
connecting pipes. (&.) A stone let fall from the top of a cliff was 
seen to strike the bottom in 6^ seconds ; how high was the cliff ? 

64. (a.) A ship passing from the sea into a river, discharges 44800 
lbs. of cargo, and is found to sink in the river to the same mark as 
in the sea. The sp. gr. of sesrwater being 1.028, find the weight of the 
ship and cargo. (5.) A body weighing 12 lbs. (sp. gr. = \,) is fastened 
to the bottom of a vessel by a cord. Water being poured in until 
the body is covered, find the tension of the cord. 

65. (a.) If the intensity of gravity at the moon be ^ of that at the 
earth, find the length of a seconds pendulum at the moon, the length 
of one at the earth being 89.1 inches. (&.) Find the maximum weight 
that can be supported by a hydraulic elevator connected with a 
reservoir, the area of the piston being 24 sq. in. and the reservoir 
being 170 ft. above the cylinder, {e.) The difference between the 
fundamental tones of two organ-pipes of the same length, one of 
which is closed at the top, is an octave. Explain why. 




^%mxL 



APPENDIX A. 

Mathematical Formulas. 

TT = 3.14159. 

Circumference of circle = tt D. 

Area of a circle = tt R*. 

Surface of a sphere = 4 tt R« = tt I>». 

Volume of a sphere J tt R* = J tt D*. 

APPENDIX B. 

Soldering^. — The teacher or pupil will often find it very con- 
venient to be able to solder together two pieces of metal. The pro- 
cess here described is very simple and will answer in most cases. 
A bit of soft solder, the size of a hazlenut, may be had gratis of any 
good natured tinsmith or plumber. Cut this into bits the size of a 
grain of wheat and keep on hand. Dissolve a teaspoonf ul of zinc 
chloride (muriate of zinc) in water and bottle it. It may be labelled 
"soldering fluid." If you have not a spirit-lamp obtain one, or 
make one. A small bottle (such as those in which school-inks are 
commonly sold) will answer your purpose. Get a loosely fitting cork 
and through it pass a metal tube about an inch long and the size of 
an ordinary lead pencil. Through this tube, pass a bit of candle 
wicking. Fill the bottle with alcohol, insert the cork, with tube 
and wick, and in a few minutes the lamp is ready. Having now 
the necessary materials you are ready for work. For example, sup- 
pose that you are to solder a bit of wire to a piece of tinned ware. 
If the wire be rusty, scrape or file it clean at the place of joining. 
By pincers or in any convenient way hold the wire and tin together. 
Put a few drops of " soldering fluid " on the joint, hold the tin in 
the flame so that the wire shall be on the upper side, place a bit of 
solder on the joint and hold in position until the solder melts. Re< 
move from the flame holding the tin and wire together until the 
solder has cooled. The work is done. If you have a "soldering- 
iron," you can do a wider range of work, as many pieces of work 
cannot bo held in the lamp flame. 



APPENDIX C. 
Centrlft^al Force.— (See &77.) Let » Lody placed at j1 m- 
ceive ui Impulse wliicli wonld push it In one second to D, while 
it is «cted upon by a second 
force which in the same ti 
would draw it to B. Then 
(see g 83) it will more through 
the diagonal AB. Inertia 
wonld then cany it in the line 
KF bnt the centripetal force 
dnws It towaid H and it de- 
■cribea a second diagonal EQ, 
But the action of the cen- 
tripetal force ia contiunoos 
instead of intennittent as n 
have described it Couae- 
qneutly, the moving body will 
change ita direction at every 
point and describe a cni 
Since KD, the distance th&t Fia. 345. 

the body wonld have receded 

in one ni^t of time, is equal to AB, the two central fore«8 are eqnal 
and the cnrve is a circle. If the arc AB l>e sufficiently amall it will 
not sensibly differ from the diagonal AE. Since the triangles 
ABEvyt AEO aie umihtr, we have 

AE* 



AB : AE :: AB : AO. 



AB = 



AO- 



Bnt AB represents the centripetal force and its equal the cen- 
trifngal, while AE represents the velodtj, and AO the diameter 
<a twice the radins. 



e formula : C, P. = s- 



(1.) 



In this formula, C. F. represents a line, the distance over which 
the centrifugal force will move the given body. If we wish to 
measure this force by poonds or w^ht, we must compare it with 
the force of gravity, which is the cause of weight. A body, whose 
wdght may be represented by w, will fall, when acted upon by 
gravity alone, 16.08 feet in one second. Hence : 



w : aF. ; 



18.08 :l 



C. ff. = 



8S.lSr 



(8.) 
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Letting t represent the number of seconds required to make one 
revolution, 

Bemembering that ir = 8.14150, we have 

C.F. = ^:^ (8.) 

Representing the number of revolutions per second by n> we have 

« = 2 wrw. .-. C. F. = 1.2275 mm*. 

Catttkm.— In using these last two formulas for ''centrifugal 
force/' care must be taken that radius beexpressed in feet. 

APPENDIX D. 

Prince Bupert I>rops. — ^A neat illustration of the trans- 
mission of pressure by liquids (§216), may be given by filling a 
small bottle with water, holding a Prince Rupert drop in its mouth, 
and breaking ofE the tapering end. The whole " drop " will be in- 
stantly shattered and the force of the concussion transmitted in 
every direction to the bottle which will be thus broken. These 
** drops" are not expensive ; they may be obtained from James W. 
Queen & €k>., 924 Chestnut street, Philadelphia. 

APPENDIX E. 

Difference between Theory and Practice.— The re- 
sults mentioned in § 256 are never fully attained in practice. Only 
the particles near the centre of the jet attain the theoretical velocity. 
Further than this, if we carefully examine the stream we shall 
notice that at a little distance from the orifice the stream is not more 
than two-thirds or three-fourths the size of the orifice. This is due 
to the fact that the liquid particles ceme from all sides of the 
opening, and thus flow in different directions, forming cross currents, 
which may be seen if there are solid particles floating in the water. 
These cross currents impede the free flow and diminish the volume 
of liquid discharged. Short cylindrical or funnel-shaped tubes in- 
crease the actual flow. In a cylindrical tube, this narrowing of the 
Jet could not take place without forming a vacuum around the nar- 
row neck (called the 'oena contracta). The pressure of the atmos- 
phere, tending to prevent this formation of such a vacuum, increases 
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the velocity and the volume of the discharge. , The funnel-shaped 
tube prevents the formation of enm currents bj leading the liquid 
more gradually to the point of exit. 

APPENDIX P. 

Barker's MilL— A working model of this apparatus (§ 264) 
may be easily made by any wide-awake pupil. Select a long, sound 
lampH^himney and a fine-grained cork that snugly fits the lower end. 
Take a piece of glass tubing, the size of a lead pencil, heat it intensely 
in an •fkohut or gas flame until you melt off a piece a little shorter 
than the lampchinmey. By reheating the end thus closed by 
fusion, you may give it a neat, rounded finish. Prepare four pieces 
of glass tubing, each 12 cm, long. These pieces would better be 
made of tubing smaller than that just used. To cut the tube to the 
desired length, scratch the glass at the proper point with a tri- 
angular file, hold the tube in both hands, one hand on each side of 
the mark just made, knuckles uppermost and thumb-nails touching 
each other at a point on the tube directly opposite the file-scratchy 
push with the thumbs and at the same time pull with the fingers. 
The tube will break squarely off. Smooth the sharp edges by soft- 
ening in the alcohol flame. Bend each of these four pieces at right 
angles, 2 cm, from each end, in such a way that one of the short 
arms may be in a horizontal plane while the other short arm of the 
same piece is in a vertical plane. The tubes may be easily bent 
when heated red-hot at the proper points in the alcohol or gas flame. 
See that the four pieces are bent alike. In the middle of the cork, 
cat a neat hole a little smaller than the tube first prepared. Near 
the edge of the cork, at equal distances, cut four holes a little 
smaller than the four pieces of bent tubing. Push the open end of 
the straight tube through the middle hole. From the other side of 
the cork, enter one end of each bent tube into one of the four holes. 
Place the cork with its five tubes into the end of the chinmey, see- 
ing to it that the straight tube lies along the axis of the chimney, 
». «., is parallel with the sides of the chimney. The closed end of 
the central tube should be near the open end of the lampchinmey. 
In pushing the tubes into the cork, grasp the tube (previously dip- 
ped in soap and water) near the cork, and screw it in with a slow, 
rotary onward motion. See that the bent tubes are at right-angles to 
each other, like those shown in Fig. 01. For a support, take a piece 
of stout wire, small enough to turn easily in the central tube, and a 
little longer than the chimney. Place one end in the middle of a tin 
pepper-box and fill the box witH melted lead. This makes a firm 
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bafl9- f^e' the other end of the wire to a sharp point. For a few 
cent8» such a wire with an iron base may be had ready made at the 
stationer's. Pass the straight tube of the apparatus over this wire 
until the closed tube rests upon the sharpened point. The chimney 
with its four horizontal arms is now delicately suspended, free to 
reyolve in stable equilibrium. Place the apparatus in the middle of 
a tub and pour water into the open end of the chimney. Your 
wheel will work as well as Edgerton's or Ritchie's. The satisfac 
tion of seeing the machine work and knowing that you made it will 
amply repay the cost, leaving the instruction and added skill for 
clear profit. 

APPENDIX G. 

Balloons. — (See §272.) A little thought concerning the full 
meaning of Archimedes' Principle will show that if a body weighs 
less than its own bulk of air it will rise in the air. Thus soap- 
bubbles filled with hydrogen or other light gas will ascend. If the 
bubble be made from hot water and filled with warm air it will 
rise ; if it be made from cold water and filled with cold air it will 
fall. (Explain why.) The same principle applies to balloons. A 
balloan wiU support a weight equal to the difference between the weight 
of the balloon with the contained gas and the weight of the air dis- 
placed. A liter of hydrogen weighs 0.0896 g, ; a liter of coal gas, 
from 0.45 g, to 0.85 g. ; a literof air heated to 200*' Centigrade, about 
0.8 g, Diuing the siege of Paris in 1870, the Parisians communi- 
cated with the outer world by means of balloons about 50 feet in 
diameter, having a capacity of about 70,000 cu. ft. These balloons 
with net and car weighed about 1000 pounds each and had a carry- 
ing ability of about 2000 pounds. Balloons have been made about 
100 feet in diameter, having a capacity of about half a million cubic 
feet In 1861, an ascent was made to a height of seven nules. 

APPENDIX H. 

Atmospheric Pressure.^See § 275.) Into a bent glass 
tube, ACB, x>our mercury to a height of about 20 inches, or 50 cm. 
The mercury will, of course, stand at exactly the same level, ae, in 
the two branches. If equal pressures of any kind be exerted upon 
the surfaces of the mercury at a and e, this level will not be dis^ 
turbed, while any difference of pressure would be promptly shown 
by the movement of the mercu^ and a consequent difference in 
the heights of the two mercury columns. The atmosphere pressea 
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upon botli'mercnrial surfaces, at a and c, but it presses npon them 
equally, and therefore does not change the common level. Into the 
arm A, push an air-tight piston, p, which has a valve . ? 
opening upward but not downward. As this piston 
is pushed downward, the air in A escapes through 
this valve, and p finally rests upon the surface of the A 
mercury at a. When the piston p is subsequently 
lifted to A, the atmospheric pressure is wholly re- 
moved from the surface of the mercury in that arm 
of the tube, while it acts with unchanged intensity 
upon the surface at c. The consequence is that the 
mercury follows the piston until there is a difference 
of about 760 mm, or 30 inches between the levels of 
the mercury in the two arms of the tube. If the _ 
tube have a sectional area of one square inch, the 
mercury thus supported would weigh about 15 
pounds, and would exactly equal the weight of an 
air column of the same sectional area, reaching from 
the apparatus to the upper surface of the atmos- 
phere. 

APPENDIX I. 

Magrnetic Needles. — ^Magnets may be made 
for the experiments described in § 306 by magnet- Fig. 346. 
izing three stout knitting-needles (see § 320). They 
may be suspended by means of a triangular piece of stiff writing- 
paper. Pass the needle through the paper near the lower comers ; 
at the other comer affix by wax the end of a horse-hair, which will 
exert no torsion. The poles may be indicated by little bits of red 
and of white paper, fastened by means of wax to the ends of the 
needles. 




APPENDIX J. 

Dipping-Needle. — A dipping-needle may easily be made by 
thrusting a knitting-needle through a cork so that the cork shall be 
at the middle of the needle. Thrust through the cork, at right 
angles to the knitting-needle, half a knitting-needle, or a sewing- 
needle, for an axis. Support the ends of the axis upon the edges 
of two glass goblets or other convenient objects (see Fig. 131). 
Push the knitting-needle through the cork so that it will balance 
upon the axis like a scale-beam. Magnetize the knitting-needle 
and notice the dip, (See § 314 [a].) 
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APPENDIX K. 

^Electroscopes.— (See § 332.) For directions for making 
simple and efficient electroscopes, see Tyndall's "Lessons on Mec- 
tridty" § 7. For an electroscope for the electrophorus {§ 3^), pro- 
vide a bit of wire about 8 cm, long, and bend it at right angles about 
1 em, from each end. Solder one of the bent arms of the wire (see 
Appendix B) to the upper side of the tinned plate, near its edge, in 
such a way that the central part of the wire shall be yertiqaL Cut a 
strip of gold-leaf (or Dutch metal) about 8 cm. long and ^mm, wid& 
Moisten the sides of the free horizontal wire-arm with a little 
mucilage, place the middle of the gold-leaf strip over the top of the 
arm, and bring the ends of the leaf down to a vertical position, 
touching each other. The mucilage will hold the leaf to the wire. 
When the wire support and gold-leaves are electrified, the latter 
will diverge. When the apparatus is not in use, this electroscope 
may be protected by inverting a tumbler or beaker glass over it. 

APPENDIX L. 

Thermo-Electridty.— <See § 412.) The frame may be sim- 
plified by bending a strip of copper twice at right angles to make 
the top, bottom and one end of the frame, the other end being a 
cylinder of bismuth. But the form shown in Fig. 207 is prefer- 
able, as the same junction may be heated by the lamp below or 
chilled by laying a piece of ice on the upper side. 

APPENDIX M. 

The Telephone,— (See § 446.) The theory-that the diaphragm 
of the receiving telephone is made to vibrate to and fro by the vary- 
ing intensity of the magnetic attraction of the iron core has lately 
been questioned. Many experiments go to show that the variations 
in the magnetic intensity of the iron core are too feeble to produce 
such mechanical efiects. It also appears that paper and other sub- 
stances may replace the iron of the diaphragm in the receiving tele- 
phone, without destroying the sounds, and that the diaphragm may 
even be removed and the sounds still produced and transmitted to 
the ear. These facts are believed to show that the reproduced sound 
is due to movements of the molecules of the iron core, such molecular 
motions being due to the electric currents from the "transmitter" (or 
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telephone spokeo to), and that the diaphragm is valoable for the 
pnrpoBes of streDgtlienlDg the eonnd (g 444, £) and tntDsmittJng It to 
the ear of the listener. The scientific paper, Nature, says that care-' 
fal iDvestigation leads to the conclusion that, at the sending station, 
the aridence of molecular action, though suggestive, ia bj no nieans 
coDclnsiTe, whereas, at the receiving statioa, the existence of molec- 
ular as well as mechaDical action amounts to demonstration and is 
ahowB to be oonsideroble in amount. 

APPENDIX N. 

The Pbonograpli.— (See § 447.) The appearance of this tn- 
Btnunent is shown in the accompanying cut, in which f represents 
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the monthpiece ; C, the cylinder covered with ttnfoil; E,the axis 
with a thread working in A, one of the two supports. The mouth- 
piece, with its diaphragm and style, may be moved toward the 
cylinder or from it, by means of the supporting lever, HO, which 
tarns in a horizontal plane abont the piu / 



APPENDIX 0. 

DtfTerential Thermo meter. -{See § J8S.) Prepare two 
boards, each 5x7 inches and an inch thick. Place them upon end 
parallel to each other, 7 inches apart. Connect the boards by 
nailing to thpir tops two thin strips, each an inch wide and 9 inches 
long. The strips wilt be 3 inches apart. This is our stand. For 
the two bulbs use two tin oyster cans with flat sides. To the centre 
. of one end of each solder a tin tube, li^ inches long and f of an 



450 APPENDIX. 

inch in diameter. Take a 30-inch piece of glass tubing that will 
slide easily within the tin tubes. Bend it at right angles, 12 inches 
from each end, like the tube shown in Fig. 240. Color a little 
alcohol with red aniline, and pour into the bent tube enough to fill 
an inch or two above each bend. Over each arm of the bent tube 
pass an inch of snugly-fitting rubber-tubing, and slide it down 
about 8 inches. Pass the arms of the glass tube up through the 
tin tubes of the inverted cans as far as they will go. Slide the 
rubber-tubing upward to make air-tight joints between the glass 
and the tin tubes. Place the cans upon the horizontal strips of the 
frame already made, allowing the glass tube to hang between the 
boards. The level of the liquid in either arm may be marked by a 
thread or rubber band that may be moved up or down. 








NUMBERS REFER TO PARAGRAPHS 



Aberration, Chromatic, 646. 

" Spherical, 633, 
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Absorption of heat, 553. 
Achromatic lens, 647. 
Acoustic tubes, 433. 
Actinic spectrum, 651, 65s. 
Adhesion defined, 46. 
A€rial ocean, 371. 
Afiriform body defined, 57, 6z. 
Affinity, Chemical, 568. 
Air-chamber, 297. 
Air-pump, 288-393. 
Air, weight of, 372. 
Amalgamating zincs, 386. 
Amplitude of vibration, 140, 4x9, 431. 
Aneroid barometer, 380. 
Angle of incidence, 97. 
Apparent direction of bodies, 594. 
Archimedes' principle, 238, 339. 
Armatures for magnets, 331. 
Artificial magnet, 303. 
Ascending bodies, 133. 
Astatic needle, 314. 
Astronomical telescope, 66z. 
Athermanous, 553. 
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" pressure, 273, 275, 277, 

App. H. 
Atom defined, 6. 
Attraction, Capillary, 33$. 

Electric, 323. 

Forms of, 7. 

Magnetic, 305, 306. 

AttWOod, 132. 
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Balance, 175. 

Balance, False, 176. 
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Balloons, App. G. 
Barker's mill, 364, App. F. 
Barometer, 374, 278, 279, 280. 
Baroscope, 281. 
Battery, Leyden, 357. 

*' Voltaic, 379-38S* 
Beam of light, 583. 
Beats, 452, 453. 
Beaume's hydrometer, 353. 
Bellows, Hydrostatic, 233. 
Bent levers, 173. 

Bi-chromale of potassium battery, 3830 
Boiling-point, 479, 50X-510. 
Breast wheel, 363. 
Brittleness defined, 49. 
Broken magnets, 307. 
Bunsen's air-pump, 391. 
battery, 385. 
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Calorific powers, 569, 
Calorimeter, 531. 

Camera, The photographer's, 656. 
Capillary attraction, 335. 

" phenomena, 236. 
Cathetal prism, 621 (c). 
Centrifugal force, 74, App. C. 
C. G. S. units, 69, 154. 
Changes, Chemical, iz. 

Physical, lo. 

of condition of matter, 59. 
Characteristic properties, 19, 21. 
Charging by induction, 339, 340. 
Chemical affinity, 568. 

changes, 11. 

eflfects of electricity, 368, 397. 

properties, 15. 
Chromatic aberration, 646. 
Chromatics, 634. 
Clarionet, 471. 
Clouds, Electrified, 361, 
Cohesion defined, 46. 
Coincident waves, 448. 
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Color of b3dies, 640. 
Communicattog vessels, 334. 
Compass, 3x4. 

Compensating pendulum, 149. 
Composition of forces, 80, 88. 
Compound machines, azi. 
Compressibility defined, 43. 
Concave lens, 623, 636, 633. 
Condensation of electricity, 351. 
Condensers, 393, 353. 
Conditions of matter, 53. 

• »* " Changes of; 59. 

Conduction of electricity, 333. 

" heat, 538. 

Conjugate foci, 603, 635, 626. 
Construction for images, 597, 605,638, 

628. 
Convection of heat,. 541. 
Convertibility of enei^n^, 159. 
Convex lens, 633-635, 637-631. 
Critical angle, 617. 
Culinary paradox, 505. 
Curves, Magnetic, 3x3. 
Cycloidal pendulum, 144. 



Daniell^s battery, 381. 

Declination, Magnetic, 3x9. 

Density, Electric, 350. 

Diamagnetic substances, 310. 

Diathermancy, 553. 

Dielectric machine, 347, 348. 

Differential thermometer, 483, App. M. 

Diflfused light, 593. 

Diffusion of heat, 537. 

Dip, Magnetic, 3x8. 

Dipping needle, 314, 318. 

Direction, Line of, 65, xx4. 

Direction of bodies. Apparent, 594. 

Discharger for electricity, 355, 371 (33). 

Dispersion of light, 636. 

Distillation, 5x1-513. 

Distribution of electricity, 358, 359. 

Divisibility defined, 41. 

Divisions of matter, 3. 

Double refraction, 673. 

Double weighing, 177. 

Downward pressure, 225, 326. 

Ductility defined, 51. 

Duration of electric sparlc, 364. 

Dynamics defined, 63. 

Dyne defined, 69. 
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Ebullition, 5ox>5io. 

Eccentric, 573. 

Echo, 443. 

Effects of electricity, 365-370, 388, 392, 

397,402. 
Elasticity, 45. 
Electric action. Law of, 339. 

attraction, 323. 

beUs, 371 (i). 

bomb, 37X (30). 

circuit, 376. 

chime, 37X (2). 

condensers, 352. 

conductors, 333. 

current, 374, 375, 403-409- 

currents, Induced, 403. 

density or tension, 350. 

effects, 365-370* 388, 39a* 397» 

402. 
experiments, 37X. 
force, 325. 

fluids. Theory of, 335, 336. 
induction, 337-340. 
lamp, 389. 
light, 653. 
machines, 345-349- 
orrery, 371 (n). 
repulsion, 324. 
resistance, 378. 
spark, 364, 371 (24), 411. 
telegraph, 395. 
tension, 350. 
whirl, 371 (10). 
Electricity and energy, 372. 
Atmospheric, 360. 
Condensation of, 35T. 
Condensers of, 352. 
Distribution of, 358, 359. 
Kinds of, 326, 327, 328. 
Tests for, 330, 331, 332. 
Thermo-, 4x2. 
Velocity of, 364. 
Voltaic, 373. 
Electrics, 334. 
Electrodes, 377. 
Electrolysis, 397^ 398. 
Electrolsrte, 397. 
Electro-plating, 399. 
Electrophorus, 342, 343. 
Electroscope, 33X, 332, App. K. 
Electrotyping, 400. 
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Bndless screw, 2x0. 

Energy a constant quantity, x6a 

and electricity, 373. 

Conservation of, 675. 

Convertibility of, 159, 516, 5x7. 

Correlation of, 563, 676. 
*^ defined, zsr. 

Formula for, 157. 

Indestructibility o^ zfisb 

Types of, 158. 

Varieties of, 674. 
Engine, Hie steam, 570. 
EngU^ measuies, 23. 
Equilibrant, 86. 
Equilibrium, z 10-1x3. 
Equilibrium of liquids, 233. 
Erg defined, X54. 
Evaporation, 499, 500. 
Expansibility defined, 44. 
Expansion by heat, 483-493. 
ExtensitMi defined, 33. 
Eye, The human, 657. 



Fahrenheit's hydrometer, 351. 

** thermometer, 480. 

Falling bodies, X19. 

" " Laws of, 139. 
False balance, 176^ 
Fife, 471. 

Floating bodies, 240. 
Flow of liquids, 354-359. 
Fluid defined, 60, 6x. 

** displaced by immersed solid, 337- 
Flute, 47X. 
Fly-wheel, 574. 
Focus of heat, 555, 556. 

" light, 599, 601-603, 634-636. 
Focus of sound, 439. 
Foot-pound defined, 153. 
Force, Absolute unit of, 68. 

Constant, xi8. 

Centrifugal, 74. 

defined, 64. 

Electric, 335. 

Elements of a, 65. 

Gravity unit of, 67. 

Kinetic unit of, 68. 

Measurement of, 66. 

of gravity resolved, 199. 

pump, 297. 
Fprces^ Composition of, 80. 
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Forces, Graphic representation of, 8x. 
Moments of, X7z. 
Parallelogram of, 83. 
Parallelepiped of, 90. 
Polygon of, 89. 
Resolution of, gx. 
** Triangle of, 87. , 

Forms of attraction, 7. 

'* motion, 8. 

Formulas, Mathematical, App. A. 
Fraunhofer's lines, 638. 
Freezing mixtures, 531. 

" point, 478. 
Friction, 313-3x4. 

*^ develops heat, 564. 
Fundamental tones, 460, 461. 

O 

Galileo, 121, 660. 
Galvanic battery, 379-385. 
** electricity, 373, 
Galvanometer, 39X. 
Gas defined, 58. 
Gases, Specific gravity of, 248. 
*' Tension of, 369, 383-387, 494. 
** Type of, 370, 
Geissler's tubes, 37X (3X). 
Governor, 574. 

Graduation •f thermometers, 477. 
Gram defined, 36. 

Graphic representation of forces, 8r. 
Gravitation defined, 98. 
Gravitation, Laws of, loo. 
Gravity, Centre of, 107-ixo. 
" defined, los. 

Force of, resolved, 199. 

Increment of, 137. 

Specific, 341-253. 
Gravity unit of force, 67. 
Grove's battery, 384. 

H 

Hardness, 47. 

Head of liquid, 254. 
Heating powers, 569. 
Heat, Conduction of, 538. 

Convection of^ 54X. 

defined, 473. 

Diffusion of, 537. 

from friction, 564. 

from percussion, 563. 

Latent, 518-530. 

Radiation of, 542, 545. 
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Heat, Reflection of, 554- 

** Refraction of; 556. 

*» Sensible, 516, 517. 

** Specific, 531-536. 

** units, 5x4. 
Heliostat, page 376 (note). 
Holtz elepiric machine, 349. 
Horizontal needle, 3x4. 
Horse-power defined, 155. 
Human eye, 657. 
Hydrokinetics, 354. 
Hydrometers, 349-353. 
Hydrostatic bellows, 33s. 
*^ paradox, 229. 

" press, 333. 

Hypothetical theory, 309. 



Iceland spar, 673. 

Images, Construction for, 597, 603, 605. 

Inverted, 585. 

Multiple, 598. 

Projection of, 606 

Real, 604-607, 639, 630. 

Virtual, 595, 608, 610, 631, 633. 
Impenetrability defined, 31. 
Incidence, Angle of, 97. 
Inclination, liiagnetic, 318. 
Inclined plane, 198-304. 
Incompressibility of liquids, 315. 
Increment of veVocity, 137. 
Indestructibility of energy, 162. 

" matter, 37. 

Index of refraction, 613. 
Induced electric currents, 403. 
Induction, Electric, 337-340- 

" Magnetic, 311, 313. 
Inertia defined, 38. 
Intensity of light, 589. 
Intensity of sound, 431, 433. 
Interference. of sound, 451. 
Intermittent springs, 301. 
Internal reflection of light, 616. 
Inverted images, 585. 
Invisibility of light, 593. 
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Toule's equivalent, 566. 



Kinetic energy, Formula for, X57. 
" unit of force, 68. 
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Latent heat, 518-530. 
Lateral pressure, 330, 331. 
Lenses, 633. 
Leslie's cube, 554, 558. 
Lever, Classes of, 169. 

'^ Compound, 178. 

" defined, x68. 

** Laws of, 170, ' 
Leyden battery, 357. 

" jar* 353-356^ 
Lifting-pump, 394. 
IJght defined, 579. • 
Diflfused, 593. 
Dispersion of, 636, 
Electric, 653. 
Invisibility of, 593. 
Motion of, 584. 
PolarizatiQU of, 667. 
Reflection of, 59a 
Refraction of, 613. 
Synthesis of, 639. 
Velocity of, 588. 
Lightning, 363. 
Lightning-rods, 363. ' 
Liquid defined, 55, 61. 

^^ rest. Conditions of, 332. 
Liquids, Equilibrium of, 333. 

flowing through pipes, 357, 

259. 
in communicating vessels, 334. 
Incompressibility of, 2x5. 
Spouting, 354-356. 
Liter defined, 29. 
Loudness of sound, 431. 
Luminous bodies, 580. 

effects of electricity, 366. 
spectrum, 649, 652. 

M 

Machine cannot create energy, 164, 165. 
defined, 163. 
Laws of, 167. 
Uses of, x66. 
Machines, Compound, sxx. 
** Electric, 345-349* 

Magic lantern, 664' 
Magnet, Artificial, 303. 
" Natural, 30B. 
Magnetic curves, 313. 

declination or variation, 319. 
effects of electricity, 367, 39a. 
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Magnetic force. Distribution of, 304. 
*^ inclination or dip, 318. 
" induction, 31 x, 312, 338. 
needles, 314, App. I, J. 
poles, 304, 306, 317. 
substances, 3x0. 
Magnetism, Residual, 393. 

Terrestrial, 3x5, yi^ 
Theory of, 308, 336. 
Magnetization, 320, 394. 
Magnets, Broken, 307. 
" Electro-, 393. 
** How made, 320, 394. 
Magnifying-glass, 658. 
Malleability defined, 50. 
Malus's polariscope, 673. 
Marcet*s globe, 507. 
Mariner's compass, 3x4. 
Mariotte, 384, 285. 
Mass defined, 4, 6. 
Mathematical formulas, App. A. 
Matter, Conditions o^ 53. 
" defined, 3, 
" Divisions of, 3. 
'* Properties of, X3. 
Measures, 23-30, 34-3<5. 
Mechanical effects of electricity, 369. 

" equivalent of heat, 566. 

Meter defined, 35. 
Metric measures, 34-30, 35> 3^« 
Microscope, 658, 659. 
Mirrors, Concave, 599-<3o9. 
Convex, 610. 
Parabolic, 601 (a). 
Plane, 595-598. 
Mobility defined, 40. 
Molecules defined, 5, 6. 
Moment of forces, 17X, X72. 
Momentum defined, 70. 
Motion, Forms of, 8. 

Newton's laws of, 72, 73, 78, 93. 
of the pendulum, 139. 
Reflected, 96, 97. 
Resultant, 79. 
Multiple images, 598. 
Music, 429, 430. 

Musical instruments, 4^5-'47'' • 
** scale, 4561 457- 
strings, 454, 455. 
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Natural magnet, 303. 



Natural Philosophy defined, za. 

Needles, Magnetic, 314. 

Newton's laws of motion, 72, 73, 78, 93, 

Nicholson's hydrometer, 350. 

Nc4al points or nodes, 460. 

Noise, 428. 

Non-luminous bodies, 580. 

O 

Ocean, The atrial, 271. 
Opaque bodies, 581. 
Opera-glass, 660. 
Optical centre, 623. 
Organ pipes, 469. 
Oscillation, Centre of, X4Z. 

" of pendulum, X4a 
Overshot wheel, 361. 
Overtones, 460, 463, 463. 

P 

Papin's digester, 506. 
Paradox, Hydrostatic, 229. 
Parallelogram of forces, 82. 
Parallelopiped of forces, 90. 
Pascal, 217, 2x8, 22X, 276. 
Pencil of light, 583. 
Pendulum, Compensation, T49. 

Compound, X38. 

Cycloidal, 144. 

Laws of, 143, X45, X46. 

Motion of the, X39. 

Real length of, 142. 

Simple, X37. 

The second's, 147. 

Uses of, 148. 
Percussion develops heat, 563. 
Philosophy, Natural, defined, 12, i63. 
Phonograph, 447. 
Photographer's camera, 656* 
Ph3racal change, xo. 

properties, 14, 15. 
science, 9. 
Physics defined, 12, x62. 
Physiological effects of electricity, 370, 

462. 
Pipes, Musical, 466-47X. 
Pitch of sound, 434-437» 

" " Absolute, 459, 

Plane, Inclined, 198-204. 
Plate electric machine, 345* 34^* 
Plating, Electro-, 399. 
Pneumatics defined, 268. 
Pointed conductors of electricity, 344. 
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Polarisoope, 673. 
Polarization^ Electric, 341. 

" of light, 667-673. 

Poles, Magnetic, 304, 306, 3x7. 
Polygon of forces, 89. 
Porosity deBned, 43. 
Porte-lumiere, page 376 (note). 
Potassium bi-chromate battery, 383. 
Press, Hydrostatic, 223. 
Pressure, Atmospheric, 273, 275, 277. 
Downward, 225, 226. 
Lateral, 230, 231. 
Transmission of, by liquids, 
2x6. 
*^ Upward, 227, 228. 
Prince Rupert drops, App. D. 
I'rincipal axis, 599-623. 

** focus, 599, 601, 624. 
Prisms, 621. 
Projectiles, 133. 

Path of, 135. 
Time of, 136. 
Proof-plane, 340, 358. 
Propagation of sound, 422. 
Properties, Characteristic, 19, 21. 
Chemical, 15. 
of matter, 13. 
Physical, 14, 15. 
Universal, 18, aa 
Pulley, 192, 197. 
Pump, Air, 388, 293. 

Force, 296, 297. 
Lifting, 294. 



it 



i( 



i( 



(k 



KS 



it 



(I 



Quality of sound, 464. 

R 

Radiation and absorption of heat and 

light, 654, 655. 
Radiation of sound, 542, 545. 
Rainbow, 641-645. 
Random, 134. 
Range, 134. 
Rays of light, 582. 
Reaction, 72, 93, 94, 95. 
Reed pipes, 470. 
Reflected motion, 96, 97. 
Reflecting telescope, 663. 
Reflection of heat, 554. 
light, 590. 
sound, 440. 
Total internal, 616. 
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Refracting telescope, 66i. 
Refraction, Double, 673. 

" - of heat, 556. 

** Index of, 613. 

" of light, 612. 

" " sound, 438. 

Refractors, Kinds of, 619. 
Reinforcement of sound, 449. 
Repulsion, Electric, 324. 
Resistance, Electric, 378. 
Resolution of forces, 91, 199. 
Resonance, 450. 
Resultant motion, 79, 85. 
Rivers, Flow of, 258. 
RuhmkoriTs coil, 4xa 

S 
Safety-valve, 575. 
Scale, Musical, 456, 457. 
Science defined, x. 

*' Physical, 9. 
Screw defined, 208. 

" Endless, 210. 

" Law of, 209. 
Secondary axis, 599, 623. 
" foci, 624 (*). 
Selective absorption, 553. 
Sensible heat, 5x6. 
Shadows, 586. 
Siphon, 298-300. 
Smee's battery, 382. 
Solar spectrum, 635. 
Soldering, App. P. 
Solid defined, 54, 61. 
Sonorous tubes, 466. 
Sound beats, 452, 453. 

" Cause of, 421. 
defined, 4x5. 
Focus of, 439. 

" Interference of, 45X, 

" media, 424. 

** Propagation of, 422. 

" Quality of, 464. 

" Reflection of, 44c. . 

" Refraction of, 438. 

•' • Reinforcement of, 449. 
yelocity of, 425-427. 
waves, 423. 
Sounding-board, 444. 
Spark, Elec ric, 364, 371 (24). 
Speaking-tubes, 433. 
Specific gravity defined, 241. 
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Specific gravity for gases, 248. 

" " liquids, 242, 246. 
" " " solids, 243-245. 

" heat, 531-536- 
Spectroscope, 638 (3). 
Spectrum 635, 637, 648-653. 
Spherical aberration, 633. 
Spouting liquids, 254-356. 
Sprengel's air-pump, .39a 
Springs, Intermittent, 301. 
Stability, 116. 
Steam, 508, 539. 
Steam-engine, 570. 
Stereoscope, 665, (^, 
Strings, Musical, 454, 455. 
Successive induction, 340. 
Surveyor's compass, 314. 
Sympathetic vibrations, 443, 560. 
Synthesis of light, 639. 



Tantalus's cup, 301. 
Telegraph, 395. 
Telephone, 408, 409, 445, 446. 
Telescope, 660-663. 
Temperature, 474, 494. 
Tenacity, 48. 
Tension, Electric, 350. 
Tension of gases, 269, 282-287. 
Terrestrial magnetism, 315, 3x6. 

" telescope, 663. 
Tests for electricity, 330, 331, 332. 
Theory, Hypothetical, 309. 
'* of electricity, 335. 
" magnetism, 308. 

Thermal eflfects of electricity, 365, 387. 
" spectrum, 650, 652. 
" units, 514. 
Thermodynamics, 561. 

" First law of, 565. 

Thermo-electricity, 412, App. L. 
Thermo-electric pile, 414. 
Thermometers, 476-482. 
Thermometric readings, 481. 

" scales, 480. 

Timbre, 464. ^ 

Tones, Fundamental, 460, 461. • 
Torricelli, 274. 

Total internal reflection, 616. 
Tourmaline tong^, 670. 
Transferrer, 292. 
Translucent bodies, 581. 
Transmission of pressure by liquids,3i6. 
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Transparent bodies, 581. 
Triangle of forces, 87. 
Tubes, Acoustic, 433. 
" Sonorous, 4C6. 
Turbine wheel, 365. 

U 

Undershot wheel, 363. 
Undulations, 416. 
Unit of heat, 514. 

** work, 153, 154. 
Universal properties, 18, 20. 
Upward pressure, 227, 328. 

V 

Vapor defined, 58. . 
Variation, Magnetic, 319. 
Velocity, Increment of, 127. 
of electricity, 364. 
light, 588. 
Vertical needle, 3x4, 318. 
Vibration of pendulum, 140. 
Vibrations, Sympathetic, 443, 560, 
Visual angle, 587. 
Voltaic arc, 389. 

battery, 379-385. 

electricity, 373. 
Volte's pistol, 371 (35). 

IV 

Water, Expansion of, 488, 489. 
power, 260. 
Specific heat of, 536. . 
wheels, 261-264. 
Wave length, 418, 420, 437. 
" period, 417, 420, 436. 
Waves, Coincident, 448. 
Wedge defined, 205. 
Wedge, Use of, 206, 207. 
Weight defined, 33, 103. 
Weight, Law of, 105. 
Wheel and axle. Advantages of, 180. 
" defined, 179. 
" Forms of, 184. 
Formulas for, 182. 
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' Law of, 183. 
Wheels, how connected, 189. 
Wheels, Water, 261-264. 
Wheel work, X85-X88. 
Work defined, 150. 
Work, Unit of, X53. 

Z 

Zero cf temperature. Absolute, 493. 
Zuics, Amalgamatmg, 386. 
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Sheldon Jb Company's 2'extSookt, 



OOLTON'S NEW OEOaBAFHIES. 

2%a wikoU «««6Jeef in Two Book9, 

The9e h^ks are the mat HmpUt the most pracHcaZ, cend best 
adapted to the iMnts (f the eehooi-rann of any pet publMed, 

X. CMtan'8 New Introdudory Geography. \ 

With entirelj new Maps made especially for this book, on 
the moet improved pla^ ; and elegantly niustratedL 

Urn CoUan's Cknmnon Sclund Cfeograpiiy. 

With Thirty -six new Maps, made especially for this book, 
and drawn on a uniform system of scalea 

Elegantly Dlnstrated. 

This book is the best adapted to teaching the subject of Geog- 
raphy of any yet published. It is simple and comprehensive, 
and embraces just what the child should be taught, and nothing 
more. It also embraces the general principles of Physical Geog- 
raphy so fitf as they can be taught to advantage in Common 
Schools. 

For those desiring to pursue the study of Physical Geography, 
we have prepared 

• 

Colton's Physical Geography. 

One VoL 2to. 

A very valuable book and folly illustrated. The Maps are 
compiled with the greatest care by Geo. W. Ck>LTOK/ and repre- 
sent the most remarkable and interesting features of Physical 
Geography clear\y to the eye. 

The plan of CoiUorCs Oeography ie the beet I hare ever seen. It meets the 
exact wants of our Orammar Schools. The Review is imsiirpaBBed in its 
tendency to make thorough and reliable scholars. I have learned more Geog- 
raphy that Is practical and available daring the short time we have nsed this 
work, than in aH mjlife before, including ten years teaching by MitcheFs 
plan.~A. B. Hbtwood, Prin. Franklin Oram. School, IxmtU^ Mass, 

So wen satisfied hare I been with these Geographies that I adopted them, 
and have procured their introduction into most of the schools in this connty. 
Jambs W. Thomfsok, A.M., Prin. qf CentrevUle Academy, Maryland, 

Any qf the above sent by mall, post-paid, on receipt ^ pries. 
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Sheldon S Company's Te. 

i 

Mental Philosophy. 1 ml. 12mo 
Indadiog the Intellect, the SeasiMliti 
JoaxpH Haven, Praftesor of iDtellectn 
ophy, Chicago Univeraity. 



Moral Phitoaophy. 

Includlog Theoretical and PntcCical Ethics. Bj JoaBPL 
Hatkn, D.D., \tXf- Profaasor of Moral and lotellecttm! Philoe- 
opbj In Chicago University. Royal 13mo, doth, embosBed 

Htatory of Ancient and Modem PhUoaophy. 

By Prof. Joseph Hatbn, D.D. 



Barritt'8 Geography of the Heavetis. 352 pp, 
Burritt's Celestial Atlns. Large quarto. 

By Prof HmAM Mattison, A,M,,anJELIJAHH.BimRnT, A.M. 

Tlie populsrli/ of (bfte standard t?it-'.>aoliB Is shown by its eale of more 
tkan 300,000 capi;9. Banitl'9 Geography or the BeareDc. a« nvia^d bjPml. 
MatllBon, Is one of thu most nfefalar L rocccssfiil acboo! iwok' ei-vr puhliflhod. 

BULLIONS S LAI.U\ DICTIONARY. 

■BuUion^a Latin Lex'i-'on (now complete). Thecheapes'^ ^nd 

beet Latln-En^iah koA En^liah-Latin l^eiicon pablished. 1 vol. 

royal octavo, about 1400 ;>a?";,* 

W« recenClr pabUsbeil «. copiniu ani ctiticitl Latin-English D<ctioii,i-y, tor 

Uia Dee or Kboolf. etc., 3i>rlil^ a)"! rvurraaged fromRidJ]i-'»Loim-EDglI»h 

Lexicon, faiindeil on ibr Oermiin-Lalia Dlctlonaiiee or I>r. Wm. FrcuocI and 

oUiera. )>; Rer.F. BuLLiosa, D.D. , anthor of the eerinB of OrainmucB, English. 

Ijxtln, and Breek, an the same plan. bIc, etc., to whicli wi> havs .low added ac 

EngUsh-LatIn Dictionary, [naklng together the most r.v.ltil and c.jirenlent. at ' 

lame time tbe clicapest Latin Ledcon pnbliibed. I 



